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Overview
Athletic preparation requires careful management of performance-related behaviours
and non-training factors in order to achieve the ultimate goal of consistent, successful 
competitive performances over the career of an athlete. Athlete monitoring is used in 
an attempt to have a greater understanding and control over athletic preparation.
Various measures are used to monitor the training endured by an athlete, as well as 
their response to this training. Athlete self-report measures (ASRM) are one method 
for monitoring the training response whereby the athlete records their subjective 
physical and psychosocial wellbeing. In addition to being relatively simple and 
inexpensive to implement, ASRM are purported to enable the early detection of 
training errors which may lead to poor performance, overtraining syndrome, athlete 
burnout, injury, or illness. Consequently, ASRM are widely used across various sport 
contexts. However, a lack of empirical evidence to support and guide the use of ASRM 
in applied practice may compromise the efficacy and sustainability of the approach. 
Therefore, the objective of this thesis was to evaluate if, and by what means, self-report 
measures present value to athletic preparation.
The value of ASRM to athletic preparation was addressed in this thesis using a mixed 
methods research approach. Existing literature was reviewed to ascertain the need for 
ASRM, and place them in context of other methods for athlete monitoring (Chapter 
2). After which the findings of a systematic review of the available literature on ASRM 
establish the existing strength of evidence for their ability to monitor the training 
response (Chapter 3). A qualitative approach was used to establish existing views and 
practices in elite sport settings (Chapters 4 and 5). Specifically, Chapter 4 explored the 
process of ASRM use in athletic preparation for both day-to-day contexts and longer-
term applications. Chapter 5 subsequently identified the barriers and facilitators of 
ASRM use. The findings of Chapters 4 and 5 were then extended to a diverse athletic 
population of varying sport contexts using a quantitative approach (Chapter 6). The 
diverse athletic population in Chapter 6 included athletes who were using an ASRM 
to inform their athletic preparation with or without the presence of support from staff.
In light of previous anecdotes and strong theoretical foundations, Chapter 7 
investigated whether use of an ASRM may also facilitate athlete self-regulation.
vi
Collectively, the findings of this thesis provide theoretical and applied support for 
ASRM. Athlete self-report measures appear to be a practical method for monitoring 
the training response, whilst possessing superior sensitivity and reliability over 
objective measures. In practice, the process of ASRM use for both athletes and staff 
has the potential to improve communication and confidence, facilitate the regulation 
of performance-related behaviours, and support athlete wellbeing. This potential 
extends to athletes who use an ASRM on their own accord without the direct support 
of staff, an aspect which has not been previously considered in the literature.
An improved understanding of the value of ASRM and how they are incorporated into 
applied practice will serve to improve buy-in of all stakeholders. Buy-in is a key 
facilitator of ASRM use. Additional barriers and facilitators of ASRM use, which
related to the measure and social environment, provide context-specific guidance to 
improve the future development and use of ASRM. Practical implications of this thesis 
therefore pertain to ASRM providers, sports organisations and programs, coaches, 
support staff, and athletes.
vii
Thesis structure
This thesis comprises five separate manuscripts for which the candidate is first author.
Three manuscripts are published in peer-reviewed journals, one manuscript has been 
accepted for publication in a peer-reviewed journal, and one manuscript is currently 
under review. Each manuscript is presented as a separate chapter (Chapters 3-7),
supported by an overarching introduction (Chapter 1), a literature review (Chapter 2),
and general discussion (Chapter 8). Each manuscript is presented in its entirety, 
according to the requirements of each journal. For the purposes of this thesis, the 
manuscripts have been unified as a single body of work, with consistent language, 
formatting, and referencing style used throughout.
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Glossary of terms
ASRM, Athlete Self-Report Measure. A term used to describe any measure where an 
athlete self-reports their subjective physical, psychological and/or social 
wellbeing. The measure may include scales with established psychometric 
properties, a checklist of symptoms, a combination thereof, or be a simplified
measure developed in-house by a sports program. The measure may take the 
form of a questionnaire, diary, or log, and be completed on paper or using
technology.
Athlete burnout. An outcome of athletic preparation, which may or may not result from 
overtraining, which is characterised by emotional and physical exhaustion, a 
reduced sense of accomplishment, and sport devaluation.
Athlete monitoring. A method to quantify and evaluate athletic preparation, including 
measures of the training stress and the training response.
Athletic outcomes. A term used to encompass all possible outcomes of athletic 
preparation, including optimal performance, under-performance, overtraining 
syndrome, athlete burnout, injury, and illness.
Athletic preparation. A process whereby an athlete engages in performance-related 
behaviours in order to improve their performance capacity in preparation for 
competition. The process may be supported by a coach and support staff.
Co-regulation. Interactions with others, namely staff, which temporarily facilitate self-
regulation until the athlete is able to self-regulate independently.
End-users. In regards to an ASRM, this term encompasses athletes who complete the 
measure, along with their coach and support staff who use the information,
where applicable.
Non-training stress. Stress experienced by the athlete which is external to training. For 
example, major life events, occupational stress, personal relationships, and 
media demands or scrutiny.
xi
Objective measure. A measure which is not susceptible to human interpretation or bias, 
however may be compromised by poor validity or reliability.
Overreaching. An outcome of overtraining which may be classified as functional or 
non-functional. Functional overreaching is a training state which may be 
intentionally induced which, when followed by a recovery period of days to 
weeks, results in positive adaptation and improved performance. Non-
functional overreaching is an unintentional training state requiring weeks to 
months to recover, without subsequent performance improvement.
Overtraining. A verb used to describe the process of intensified training which may 
result in functional overreaching, non-functional overreaching, or overtraining 
syndrome.
Overtraining syndrome. An outcome of overtraining characterised by a decrease in 
performance and numerous associated physical and psychosocial symptoms, 
which takes months or more to recover.
Performance-related behaviours. Behaviours which directly impact the ability of an 
athlete to perform, recover from, or adapt to training and competition. For 
example, training, recovery activities, nutrition, and mental preparation.
Resources. In regards to athletic preparation, resources relate to the time and effort of 
athletes and staff, available finances, and physical resources such as equipment 
and infrastructure.
Self-regulation. The management of goal-directed behaviours in the absence of 
immediate feedback or gratification. The process requires systematic and 
continuous self-monitoring of behaviours, followed by self-reflection and 
forethought for subsequent behaviours.
Sport context. A term used to address different athlete participation levels (e.g., 
recreational, elite), sports (e.g., team, individual), and whether or not athletes 
are supported by a coach, support staff, and/or sports program.
Staff. A collective term used to describe one or more of the coach and support staff 
(sport science and medicine staff) involved in athletic preparation.
xii
Stakeholders. In regards to an ASRM, this term encompasses ASRM providers, sports
organisations and programs, coaches, support staff, and athletes.
Stress. Physical, psychological, and/or social stress imposed by a stressor.
Stressor. A noun used to describe a factor which imposes stress upon an athlete, 
including training and non-training stressors.
Subjective measure. A measure which reflects the perceptions of an observer or, in the 
case of self-report, the individual being measured. It is susceptible to individual 
interpretation and deliberate bias.
Training load. Total training stress experienced by an athlete which may be quantified 
for a single training session or over a given period of time (e.g., day, week, 
training cycle). Typically calculated as a measure of training stress, multiplied 
by the duration or number of repetitions, with arbitrary units.
Training response. A physical and psychosocial state which reflects whether an athlete 
is responding positively or negatively to training.
Training stress. Stress experienced by an athlete as a result of training and/or 
competition. Training stress may be quantified as the external work completed 
(e.g., distance, power), or the internal physiological response (e.g., heart rate, 
blood lactate).
Wellbeing. A physical and psychosocial state which enables an athlete to flourish as 
an athlete and in life away from sport.
xiii
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Introduction Chapter 1
1.1 Background
Athletic preparation presents a dynamic, multifactorial process aimed at optimising 
the performance capacity of an athlete whilst supporting their wellbeing. The primary 
factor of athletic preparation – training – may be confounded by other performance-
related behaviours such as recovery and nutrition, the co-existence of non-training 
stressors, as well as the physiological and psychological characteristics of the 
individual. It is the resultant effect of these factors which determine whether an athlete 
responds positively to training and increases their performance capacity, or responds 
negatively to training, with reduced performance capacity (Smith 2003). A negative 
response to training may also result in an athlete experiencing overtraining syndrome, 
athlete burnout, injury, or illness, potentially compromising their season or even their 
athletic career (Meeusen et al. 2013). Therefore, to optimise performance, it is 
necessary to account for, and attempt to have a greater control over, the numerous 
factors influencing athletic preparation.
Modern sport has adopted an increasingly scientific approach to athletic preparation 
by means of athlete monitoring (Halson 2014), with high-performance sport settings 
investing substantial human and financial resources in the process (Coutts & Cormack 
2014). Athlete monitoring is firstly used to quantify the training load imposed upon 
the athlete, including both the external work (e.g., distance, repetitions) and the 
internal physiological response (e.g., heart rate, perceived exertion). This information 
should be accompanied by monitoring how an athlete is responding to the particular 
training load. Considerable research over the previous three decades has been 
dedicated to investigating potential measures of the training response, particularly in 
regards to overtraining. Despite this research, there is currently a relatively poor 
understanding of the most appropriate methods to assess how an athlete is responding 
to training (Coutts & Cormack 2014).
Athlete monitoring in research and practice has tended to favour objective measures 
such as performance and physiological indicators, however such measures present 
practical limitations including, but not limited to, the demand placed on the athlete and 
resources. As such, there is growing recognition of the potential value of simple yet 
informative subjective measures to monitor the training response (Coutts & Cormack 
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2014; Halson 2014; Meeusen et al. 2013). Subjective signs and symptoms, including 
mood disturbance, stress, and behavioural symptoms, have consistently been shown to 
respond in a dose-response manner with training load (Meeusen et al. 2013).
Furthermore, subjective responses have been shown to effectively identify athletes 
responding negatively to overtraining (Raglin & Morgan 1994), and precede changes 
in objective measures (Coutts et al. 2007). In light of this evidence, subjective 
measures have been purported to enable the early detection of athletes who may be 
responding negatively to training (Meeusen et al. 2013). In practice, subjective 
measures may be assessed by means of a self-report measure, and from here after will 
be referred to as athlete self-report measures (ASRM).
1.2 Statement of the problem
Athlete self-report measures have shown promise for monitoring the training response,
and identifying individuals that may be responding negatively to training. In turn, this 
information may be used to guide and adjust the individualised management of training 
and recovery, with the ultimate aim of improving athletic outcomes. Combined with 
their practical advantages, implementing ASRM may be considered a low-risk option 
for athletes, coaches, and support staff seeking greater insight into, and control over,
athletic preparation. These factors are likely responsible for the recent widespread 
uptake of ASRM across various sport contexts, including particular popularity in high-
performance sport settings (Taylor et al. 2012).
This uptake of ASRM is occurring despite limited empirical understanding of if, and 
by what means, ASRM may be used to inform athletic preparation. To date, only one 
study has detailed the prospective use of an ASRM to guide athletic preparation 
(Berglund & Safstrom 1994). In this study, the percent change in mood disturbance 
from an off-season baseline was used to determine whether or not individual athletes 
were excessively or insufficiently stressed by the training load, with training adjusted 
accordingly. This approach was considered successful as none of the elite athletes 
developed signs of a negative response to training in the lead up to the Olympic Games.
Other applied research alludes to similar applications of ASRM (Gastin et al. 2013;
King et al. 2010; Raglin 1993), however specific details are not disclosed.
Consequently, uncertainty remains regarding key aspects of ASRM use, including how 
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well ASRM reflect the training response, what information is attended to and by 
whom, and what actions or decisions are made based on ASRM responses. Therefore, 
present use of ASRM in applied practice is largely guided by the experience of 
practitioners and a trial-and-error approach.
There are several potential consequences of ineffective implementation of ASRM. 
Data that is not truly reflective of the training response may result in misguided 
management of athletic preparation. Poor quality data which cannot be used as the 
basis of insightful analyses may also undermine the sustainability of the approach
(Halson 2014). As a result, stakeholders may not see a return on their investment, be 
that time, effort, or financial. In an environment with finite resources and continual 
demand for successful athletic performance, it is imperative that all methods used to 
guide athletic preparation are employed to optimal effect in support of athlete 
wellbeing and performance goals. Therefore, the objective of this thesis was to 
investigate if, and by what means, self-report measures present value to athletic 
preparation.
1.3 Specific aims and research approach
To investigate if, and by what means, self-report measures present value to athletic 
preparation, it was necessary to improve understanding from both theoretical and 
applied perspectives. A mixed-methods approach was taken to address the specific 
aims of this thesis in three stages:
Stage one: A systematic review was conducted to evaluate the existing evidence for the 
efficacy of subjective measures.
Aim 1: Evaluate the efficacy of subjective measures to reflect the response of 
an athlete to training.
Stage two: Qualitative techniques were employed to explore existing views and 
practices of athletes and staff in elite, supported sport settings.
Aim 2: Improve understanding of how ASRM are being used in elite sports 
and their role in athletic preparation.
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Aim 3: Identify the perceived factors influencing the implementation of 
ASRM.
Stage three: Quantitative techniques were employed to extend the findings from stage 
two to a diverse athletic population from varying sport contexts.
Aim 4: Improve understanding of ASRM implementation across different sport 
contexts by observing uptake and compliance of a newly implemented ASRM,
and evaluating perceptions regarding the role and implementation of ASRM.
Aim 5: Observe the effect of a newly implemented ASRM on an athlete’s 
ability to self-regulate, as reflected by the factors of mindfulness, satisfaction, 
motivation, and confidence.
In accordance with ASRM being a widely accessible tool for athletic preparation, the 
scope of this research was not limited to a particular athletic population. In addition to 
extending findings to a diverse athletic population, stage three also addressed potential 
differences between participation levels and social contexts to ensure findings may be 
appropriately translated to applied practice.
1.4 Significance
Athlete self-report measures are currently widely adopted, and have the potential to 
persist as a valuable tool in athletic preparation. However, at present, there is a lack of 
empirical evidence to support and guide the use of ASRM in applied practice. If the 
value of an ASRM to athletic preparation can be demonstrated, stakeholders will be 
able to invest in the process with greater confidence. An improved understanding of 
the process of ASRM use, including the barriers and facilitators of implementation, 
will provide guidance to strengthen future use. This will potentially lead to improved 
data quality and integration into athletic preparation, and ultimately improved 
competitive performance and athlete wellbeing.
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Literature Review Chapter 2
2.1 Overview
To establish the context for self-report measures in athletic preparation, this review 
describes the process of athletic preparation, and the delicate balance between positive 
and negative performance and wellbeing outcomes. In an effort to maintain this 
balance, athlete monitoring allows greater understanding and control of athletic 
preparation by measuring the training undertaken and how the athlete responds to the 
training. While the primary focus of this thesis is athlete self-report measures (ASRM),
there are various other measures available for athlete monitoring. Therefore, this 
review outlines other measures which may be utilised alongside ASRM in order to 
establish where ASRM may fit into a mixed methods approach to athlete monitoring 
and preparation. The background literature on ASRM is subsequently reviewed, 
followed by a discussion of the practical considerations of the applied sport setting. It 
is important to note that a thorough review of the existing literature on ASRM is held 
over until the systematic review presented in Chapter 3.
2.2 Athletic preparation
The ultimate goal of athletic preparation is to achieve consistent and successful 
competitive performance (Smith 2003). Achieving this goal requires an athlete to 
optimise their performance capacities, while doing so in a manner that maintains their 
wellbeing such that they may enjoy a prolonged career. Therefore, athletic preparation 
requires a considered and systematic approach over many years (Smith 2003).
Two key principles underlie the athletic preparation process: homeostasis and 
individualisation. Training is a stressor which elicits a disruption to homeostasis, 
stimulating physiological adaptations so that the same stress does not cause the same 
degree of disruption on future occasions (Coutts & Cormack 2014). How an athlete 
responds to such stress depends on several factors unique to the individual, hence the 
principle of individualisation (Smith 2003). Factors may be non-modifiable (e.g.,
genetics, age, training history) or modifiable (e.g., fitness, fatigue, health status, coping 
skills). Athletic preparation endeavours to optimise modifiable factors for both 
performance and wellbeing.
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2.2.1 Optimising performance
Peak athletic performance requires physiological, psychological, technical, and 
tactical components to be near optimal on the day of key competitions (Smith 2003).
What is considered optimal for each component is unique to the individual and the 
performance task (Coutts & Cormack 2014). Training aims to improve one or more of 
these components, without substantially compromising another.
Training is a stressor that exerts physiological, psychological, and social stress on an 
athlete (Kenttä & Hassmén 1998). The extent of this stress is typically manipulated 
according to a periodised plan, whereby periods of increased stress to stimulate 
adaptation are accompanied by periods of reduced stress to allow recovery to occur 
(Smith 2003). Periodised training plans provide a template for training prescription, 
yet in reality, the process needs to be fluid in order to account for the state of the athlete 
and their ability to cope with the imposed stress at any given time (Norris & Smith 
2002).
Performance outcomes and adaptations to training are facilitated by performance-
related behaviours including psychological skills training, appropriate nutrition, and 
recovery. For example, psychological skills that may be developed to facilitate optimal 
performance include goal setting, imagery, coping, attention control, and arousal 
management (Krane & Williams 2006). Optimal nutritional behaviours ensure that an 
athlete achieves adequate fuel and hydration before and during exercise to sustain and 
enhance performance, whilst after a session these behaviours facilitate recovery and 
adaptation (Burke 2007). Additional recovery strategies should be employed to 
balance the training stress, such as light activity, rest, hydrotherapy, massage, and 
engagement in social activities (Kellmann 2002b).
Beyond these performance-related behaviours, it is also important to acknowledge that 
non-training stressors can impact upon the ability of an athlete to train and perform 
(Kellmann 2002b). Non-training stressors may include educational or occupational 
demands, social and relationship stress, and a lack of time. Elite athletes may also have 
to deal with stress imposed by the media, or jealousy and competitiveness with other 
athletes (Durand-Bush & Salmela 2002). The extent of non-training stress experienced 
by an athlete will alter the intended physiological, psychological, and social stress of 
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training (Kellmann 2002b). In light of the numerous factors influencing athletic 
preparation, coaches, sport scientists, and medical personnel play important roles in
providing multidisciplinary support for athletes.
2.2.2 Supporting athlete wellbeing
The stress imposed by competitive sport can be either beneficial or detrimental to 
athlete wellbeing. Athletes must possess both sport-specific and global wellbeing in 
order to flourish in their sporting commitments and in life away from sport (Lundqvist 
2011). At present, the use of the term ‘wellbeing’ for athletes tends to be vague and 
inconsistent (Lundqvist 2011), whereas the definition for global wellbeing is explicit 
and grounded in theory. There are two dominant perspectives of global wellbeing: 
hedonic and eudaimonic (Ryan & Deci 2001). The hedonic perspective of wellbeing 
focuses on emotional aspects of happiness and pleasure. The eudaimonic perspective 
of wellbeing is centred upon the psychological and social aspects of reaching one’s 
potential, in line with one’s own values and engagements. Psychological wellbeing 
includes self-acceptance, positive relationships, autonomy, environmental mastery, 
purpose in life, and personal growth (Ryff & Keyes 1995). Social wellbeing includes 
social acceptance, social actualisation, social contribution, social coherence, and social 
integration (Keyes 1998).
The eudaimonic perspective of wellbeing is most applicable for athletes as they 
perceive their engagement in their sport to be important, and they challenge themselves 
to reach their potential (Lundqvist 2011). Self-determination theory embraces the 
eudaimonic perspective of wellbeing, of which the sub-theory of basic needs has been 
investigated in regards to athlete wellbeing and performance. Basic needs theory states 
that there are three basic needs that need to be satisfied in order for an individual to 
thrive: autonomy, competence, and relatedness (Ryan & Deci 2000). The satisfaction 
of these basic needs in athletes is partly dependent upon the sporting environment 
(Bartholomew et al. 2011). An autonomy-supportive environment is associated with 
greater basic need satisfaction (Blanchard et al. 2009; Reinboth et al. 2004), whereas 
an environment with pressure and critique may lead to need thwarting (Bartholomew 
et al. 2011). Basic need satisfaction over the course of a season has been related to 
changes in athlete wellbeing, with need satisfaction positively associated with self-
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esteem and negatively associated with athlete burnout (Amorose et al. 2009). As 
contributors to basic need satisfaction, positive emotions (Lundqvist & Kenttä 2010)
and romantic relationships (Jowett & Cramer 2009) have also been associated with 
athlete wellbeing.
The psychosocial benefits of basic need satisfaction align with the eudaimonic 
definition of wellbeing. However, the experience of an elite athlete is often also one 
of self-interest, sacrifice, and difficulties (Brady & Shambrook 2003), which may 
typically be construed as poor wellbeing. Yet despite these seemingly negative 
experiences, athletes interpret their quality of life as good, and in some cases ideal 
(Brady & Shambrook 2003). Therefore, the global definition of wellbeing needs to be 
validated and likely adapted to apply to an athlete (Lundqvist 2011). Furthermore, 
while the eudaimonic perspective has been preferred in athlete wellbeing literature, it 
is possible that the hedonic perspective is a complementary rather than distinct 
perspective (Huta & Ryan 2010). A combined perspective acknowledges the 
emotional, psychological, and social functioning aspects of wellbeing.
The importance of wellbeing for athletic performance has long been acknowledged. 
For example, the Mental Health Model of sports performance asserts that positive 
psychological wellbeing is directly correlated with sporting success (Morgan 1985).
Although overly simplified, this model provides an important foundation for 
understanding the importance of psychological wellbeing in athletic preparation. The 
model has both static and dynamic components, with the dynamic component of 
particular interest for the potential to modify psychological factors to improve 
performance, and to monitor the psychological state to infer performance capacity.
2.3 Athlete monitoring
Athletic preparation is somewhat guided by coach intuition and experience, however 
a more objective approach may lead to improved and sustained performance (Lambert 
& Borresen 2006). For this reason, substantial human and financial resources are being 
invested to enable coaches, with the assistance of sport science and medical staff, to 
engage in the process of routine athlete monitoring (Coutts & Cormack 2014). Athlete 
monitoring evaluates aspects of athletic preparation in order to identify and rectify 
training errors (Kenttä & Hassmén 2002). Training errors may ultimately lead to 
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underperformance, overtraining, athlete burnout, illness, and injury. Early 
identification of a potential training error may only require minor adjustment to athletic 
preparation, whereas substantial intervention may be required if an error is not detected 
until later (Kenttä & Hassmén 2002).
It is recommended that athlete monitoring be utilised regularly and longitudinally to 
evaluate athletes on an individual basis (Kellmann 2002a). However, despite 
widespread use of athlete monitoring practices (Taylor et al. 2012), there is still a 
relatively poor understanding of the most appropriate methods for athlete monitoring 
(Coutts & Cormack 2014). Therefore, further research is needed to identify measures 
that provide accurate and meaningful insight into athletic preparation, and are also 
practical for use in the applied setting (Lambert & Borresen 2006).
Measures for athlete monitoring need to i) quantify what the athlete is doing (external 
and internal stress), and ii) establish whether or not the athlete is responding favourably 
to both the acute and chronic stress (training response) (Borresen & Lambert 2009).
Over time, this information may be used to establish a profile for an individual athlete 
that can characterise when an athlete is rested, healthy, well-trained, and ready to 
perform (Norris & Smith 2002). This state should be distinguishable from when an 
athlete is fatigued, unwell, or unable to perform. Furthermore, profiles may also be 
developed to characterise how an athlete typically responds to specific situations such 
as an altitude training camp, or during a busy competition schedule.
The following discussion outlines measures available for quantifying the external and 
internal stress imposed by training, and the response to that training. For simplicity, 
the term ‘training’ is used to encompass stress from both training and competition. The 
scope is limited to measures which may be monitored routinely in the applied sport 
setting, hence laboratory-based measures such as three-dimensional motion analysis, 
and metabolic cart gas analysis are excluded.
2.4 Monitoring the training stimulus
2.4.1 Quantifying external training stress
The training performed by an athlete may be characterised by the mode, intensity, 
duration, and distribution over time (Kellmann 2002b). These training characteristics 
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typically possess a degree of specificity to the competition demands of a particular 
sport, and provide a stimulus to improve targeted fitness components (e.g., aerobic 
power, strength) (Smith 2003). As a result, a number of measurement techniques are 
employed to quantify the external training stress. The ability to accurately characterise
the external training stress experienced by an athlete is dependent upon the validity 
and reliability of a measure. Validity refers to the extent to which the measure 
corresponds with what is actually being measured, whereas reliability refers to the 
consistency or precision over repeat measurements (Pyne 2012).
Training logs
Training performed may be simply quantified by an athlete recording details in a 
questionnaire or diary. The accuracy of this method may be limited by the particular 
measure and the ability of the athlete to recall information (Shephard 2003). However, 
recall has been shown to be highly accurate for high-level and experienced athletes, 
which may reflect the saliency of training information to their performance goals 
(Hanin & Syrjä 1996; Sylta et al. 2014; Tenenbaum et al. 1994). Alternatively, training 
details may be recorded by a direct observer (e.g., coach), however this method is 
limited by the need for someone to be present throughout each training session. Inter-
rater variability may also affect accuracy where two or more observers are used.
Video analysis
Technology is increasingly used to provide a more in-depth and quantifiable measure 
of the external training stress. Video is a simple, low-cost method of recording training 
and competition which does not interfere with the athlete. The footage may then be 
used to perform qualitative and quantitative analysis of movement patterns (e.g., time 
spent jogging, running, and sprinting; number and intensity of tackles). Various 
software is available to perform video analysis, however the process is labour-
intensive and can result in delayed feedback. The accuracy of this method is also 
limited by the quality of video captured, number of views, manual digitisation errors, 
and difficulties tracking multiple players in a team (e.g., during congested play) (Barris 
& Button 2008).
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Microsensors
For more automated quantification of movement patterns in the field, wearable devices 
that include global positioning system (GPS) and inertial sensors are becoming 
increasingly common (Chambers et al. 2015). Microsensors may also be mounted to 
equipment, such as a bicycle or boat. Global positioning system sensors receive signals 
from multiple satellites, which allows position to be calculated by triangulation 
(Larsson 2003). Changes in position may then be used to subsequently calculate 
displacement and velocity. The accuracy of GPS sensors used in sport has improved 
with higher sampling rates, however distance tends to be underestimated with high-
intensity and change-of-direction movements (Rampinini et al. 2015; Vickery et al. 
2014). Thus, the quantification of high-intensity and change-of-direction movements 
may be complemented by obtaining data from inertial sensors which characterise other 
features of athletic movements (e.g., acceleration profiles).
Microsensors may also be embedded in sport equipment, such as a strain gauge within 
the pedal or crank set of a bicycle, or along the shaft of a paddle or oar. Embedded 
sensors may measure force, power, torque, and the angle of force application. These 
measures are particularly useful for measuring cyclic movement patterns, providing a 
profile of skill execution consistency and frequency over a session (e.g., Bini et al. 
2014; Pilgeram & Delwiche 2006).
Force platforms are a means to measure force, power, and stability as athletes perform 
exercises such as jumps, lifts, and landing techniques. A high-performance facility 
may have a force platform built into the floor, however portable force platforms offer 
a less expensive and more practical alternative, without significantly compromising 
validity (Walsh et al. 2006). Measurement of single-plane jumps and lifts may also be 
made indirectly with a linear position transducer, which involves a sensor and tether 
line attached to a barbell or waist strap. Compared to force platforms, linear position 
transducers are less expensive and more portable, whilst demonstrating comparable 
validity and reliability of measurement (Cronin et al. 2004). However, both force 
platforms and linear position transducers have major limitations in the applied setting: 
only one athlete may be assessed at a time, and their use is typically limited to the 
training setting, thus failing to capture the demands of competition.
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2.4.2 Quantifying internal training stress
Internal training stress refers to the physiological and psychological response to a
particular activity or session (Halson 2014). The internal stress is relative to the 
capacities of an individual athlete, and ultimately determines the stimulus for 
adaptation (Coutts & Cormack 2014). In practice, quantification of internal stress 
presents a challenge in measurement and interpretation as it is susceptible to biological 
fluctuations within an individual, and biological variability between individuals
(Bagger et al. 2003). As athlete monitoring involves serial measurement, it is pertinent 
that variability within measures is understood, so that repeated measures are 
comparable, and meaningful difference may be distinguished from typical error 
(Bagger et al. 2003).
Heart rate
Heart rate monitoring is widely used to ascertain the cardiovascular response to 
exercise, with heart rate monitors offering a cost-effective means to obtain accurate 
and continuous measurement of heart rate during exercise (Achten & Jeukendrup 
2003). During exercise, heart rate increases linearly with increasing exercise intensity 
at submaximal loads, and plateaus as it approaches maximum with high-intensity 
exercise. As a result, the intensity of submaximal exercise may be quantified relative 
to an individual’s cardiovascular fitness, represented as a percentage of maximum 
heart rate, or percentage of heart rate reserve (the difference between maximal and 
resting heart rates) (Borresen & Lambert 2009). Based upon this linear relationship, 
the internal training stress of a session may be modulated in response to real-time heart 
rate monitoring.
Following a training session, heart rate data may be used to quantify the internal load 
of a session by combining measures of heart rate and training duration into a single 
measure, termed training impulse (TRIMP). Banister’s TRIMP is the foundation 
model of this approach which combines the average heart rate of the training session 
(as a function of maximal and resting heart rates), the duration of the training session, 
and a weighting factor to emphasise higher intensities (Banister 1991). Further 
developments of this model have attempted to improve accuracy by dividing the 
session into the duration of time spent in different heart rate zones and individualising 
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these zones and their respective weighting factors. Edwards’ TRIMP method uses five 
zones defined by standardised percentages of maximum heart rate (Edwards 1993),
whilst Lucia’s TRIMP method uses three zones defined by individual-specific heart 
rates associated with the ventilatory threshold and respiratory compensation point 
(Lucia et al. 2003). Extending beyond the linear weighting factors applied by Edwards 
(1993) and Lucia and colleagues (2003), the exponential relationship between 
exercising heart rate and blood lactate have been used to derive team-specific (Stagno 
et al. 2007) and individual-specific (Manzi et al. 2009) weighting factors for heart rate 
zones. Whilst condensing heart rate data into a single measure has practical appeal, the 
application of zones and weighting factors introduces potential sources of error which 
may reduce the reliability of TRIMP methods over raw heart rate data (Wallace et al. 
2014).
Although heart rate monitoring is relatively simple and accurate, there are limitations 
in the utility of the method to quantify the internal training stress. Interpretation of data 
must be in light of other factors which influence heart rate during exercise such as 
fitness, environmental conditions, exercise duration, and hydration status (Achten & 
Jeukendrup 2003; Borresen & Lambert 2009). Furthermore, variability in individual 
heart rate during controlled exercise conditions has been quantified as up to 6 beats 
per minute (Lambert et al. 1998) or 6.5% (Bagger et al. 2003). Accuracy is also 
reduced for high intensity exercise, where the linear relationship between heart rate 
and intensity dissociates, and for intermittent, resistance, plyometric and collision 
exercises where heart rate lags or is disproportional to the internal stress (Borresen & 
Lambert 2009). Therefore, heart rate methods are most applicable for steady-state 
exercise, however alternate or supplementary methods may be required to capture the 
internal training stress beyond the cardiovascular response.
Blood lactate concentration
Stress on the muscular and metabolic systems may be inferred from blood lactate 
concentration. A higher blood lactate concentration suggests a predominance of 
anaerobic metabolism, in the presence of high muscle activity and low oxygen levels
(Jacobs 1986). Measurement is relatively simple using a portable analyser and a single 
drop of blood from the finger or ear lobe. However, the invasiveness of this measure, 
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the interruption to exercise, and cost of consumables, limits the frequency of testing 
during a session. Blood lactate concentration is affected by the exercise modality 
(active muscle mass), exercise duration, rate of change of intensity, previous exercise, 
muscle damage, muscle glycogen, hydration status, and environmental conditions, 
along with the sampling procedures (site, timing relative to exercise bout) (Borresen 
& Lambert 2009; Jacobs 1986). Furthermore, individual variability under comparable 
conditions has been quantified as up to 38.1% (Bagger et al. 2003). In light of these 
limitations, blood lactate concentration is a less definitive variable for quantifying 
internal training stress.
Perceived exertion
The internal response to training extends beyond the cardiovascular, muscular and 
metabolic systems, hence it is important to also consider the response of the respiratory 
and nervous systems, along with psychological effects. A more global measure of 
internal stress may be obtained subjectively via a rating of perceived exertion (RPE). 
Use of RPE is grounded by the concept that individuals have an inherent ability to 
gauge the internal response to exercise (Borg 1982). Pre-defined scales with verbal 
anchors are used to quantify RPE as either an instantaneous or session rating of internal 
stress. The Borg (6-20) scale (Borg 1982) is based upon the linear relationship between 
exercise intensity and heart rate, with presumed equal increments between each score. 
Alternatively, the category-ratio scale (0-10) (Borg 1982) is based upon the non-linear 
response of physiological variables to increasing intensity, such as blood lactate.
Session RPE is used to quantify the internal response to an entire session. It is typically 
suggested that session RPE be reported thirty minutes following the session to avoid 
bias tending to the perceived exertion of the most recent exercise bout (Foster et al. 
2001). However, a recent study demonstrated that session RPE reported immediately 
after a session was no different to that reported after thirty minutes (Fanchini et al. 
2015). This immediacy presents a more practical option, allowing athletes to leave 
training or engage in recovery activities. Session RPE is commonly multiplied by the 
session duration (minutes) to calculate a session load (arbitrary units) to allow 
comparison between sessions, and summation over a week or more (Foster et al. 2001).
For resistance-based exercise, session load may be calculated by multiplying session 
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RPE by the time spent performing exercises (rather than the duration of the entire 
session) (Wallace et al. 2014), or by the number of sets, repetitions, and weight lifted
(McGuigan et al. 2004).
To date, the use of RPE for monitoring the internal stress or load of exercise has been 
well studied across a range of sports (endurance, team) and exercise protocols (steady-
state, maximal, intermittent, interval). In each study, RPE has consistently been 
demonstrated to correlate with a physiological measure of internal stress such as heart 
rate or blood lactate (e.g., Borg et al. 1987; Mendez-Villanueva et al. 2007). However, 
a meta-analysis which collated and weighed up the collective evidence for RPE found 
that the validity coefficient may not be as high as generally thought (0.80-0.90) (Chen 
et al. 2002). Instead, the analysis found the mean validity coefficients between RPE 
and physiological variables to be between 0.37 and 0.72 (heart rate r=0.58, blood 
lactate r=0.54, percent maximal oxygen consumption r=0.37, oxygen consumption 
r=0.51, ventilation r=0.53, respiration r=0.67) (Chen et al. 2002). As a global measure 
of internal stress, it is reasonable that RPE is only partly explained by any one 
physiological measure. A study by Coutts and colleagues (2009) found that the 
combination of both peak heart rate and blood lactate measures taken during small-
sided soccer games better predicted RPE than either measure alone. Yet the correlation 
was only moderate (Coutts et al. 2009), with the remaining internal stress reflected by 
RPE likely to be explained by other mediators such as ventilation, hormones and body 
temperature (Robertson & Noble 1997).
The ability of RPE to summarise the collective physiological and psychological stress 
of training into a single number is an advantage of the measure, however this may also 
be viewed as a limitation. It is not possible to distinguish from RPE whether or not a 
particular training stress is stressing the desired physiological system(s). A further 
limitation of RPE is the potential bias introduced by personality traits, psychological 
states, and social factors (Borresen & Lambert 2009). Given the large number of 
factors influencing RPE, there is considerable individual variability in responses (up 
to 31.9%) (Scott et al. 2013). Nevertheless, RPE is a practical and popular method for 
monitoring the internal response to training.
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2.4.3 Summary of monitoring the training stimulus
Monitoring the training stimulus may involve one or more measures of external and 
internal training stress. Objective measures provide an in-depth analysis of a particular
component of the training stimulus, however may be limited in their applicability. For 
instance, GPS and heart rate measures are not suited to quantifying the stress of 
resistance training. In comparison, recording training details and perceived exertion
are practical and widely applicable measures. However, the simplicity and reliance 
upon the athlete to accurately record their data may also be considered a limitation.
The literature support for RPE upholds the concept that athletes are able to subjectively 
evaluate their physiological and psychological response to training. However, RPE is 
influenced by athlete wellbeing and non-training stressors; this introduces 
considerable variability when attempting to quantify the internal stress of a particular 
training effort, yet perhaps may be more meaningful to evaluate the stress of training 
on a particular day. Therefore, to assist with interpretation, RPE may be complemented 
by measures of the training response.
2.5 Monitoring the training response
Further to quantifying the external and internal stress experienced by an athlete, it is 
necessary to quantify the athlete response to training. Insight into the training response 
may be gleaned from considering the relationship between external and internal stress
measures. For example, if an athlete experiences a greater than expected internal stress, 
for example a higher heart rate or RPE, in response to a given external stress, the 
athlete may be showing signs of a negative training response (Pyne & Martin 2011).
Similarly, an uncoupling of objective and subjective measures of internal stress may 
also provide insight into how an athlete is responding to training (Halson 2014). For 
example, an increase in RPE which does not correspond to an increase in heart rate 
(Martin & Andersen 2000; Rodríguez-Marroyo et al. 2012) or blood lactate 
concentration (Bosquet et al. 2001; Snyder et al. 1993) may be indicative of a fatigued 
state. However, measures of external and internal training stress fail to adequately 
consider the complex interaction of the numerous factors affecting athletic preparation
and performance. The training response is highly individual and time-specific, 
reflecting the collective influence of factors such as age, gender, training history, 
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current training status, psychological factors, the presence of other stressors outside of 
training, and ability to tolerate stress (Borresen & Lambert 2009). Therefore,
additional measures may be employed to evaluate the response to training more 
directly by determining athlete wellbeing.
2.5.1 Athlete wellbeing continuum
Athlete wellbeing may be conceptualised as a continuum, with underperformance due 
to insufficient training at one extreme, and underperformance due to excessive training 
at the other (Figure 2.1). Training intends to induce acute fatigue in order to stimulate 
positive adaptations. Traditionally it has been believed that pushing an athlete slightly 
beyond acute fatigue would elicit greater adaptation and performance benefits, 
however recent research suggests this may not be the case (Aubry et al. 2014).
Progression along the athlete wellbeing continuum is associated with increased 
physical and psychological signs and symptoms (Halson & Jeukendrup 2004). Signs 
and symptoms associated with progression towards overtraining syndrome include, 
but are not limited to, reduced performance, increased sense of effort, fatigue, impaired 
concentration, muscle soreness, reduced appetite, disturbed sleep, and mood 
disturbance (Fry et al. 1991; Kenttä & Hassmén 1998; Meeusen et al. 2013).
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Figure 2.1 The athlete wellbeing continuum. From ‘Prevention, diagnosis and 
treatment of the overtraining syndrome’ (Meeusen et al. 2013, p.3).
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Achieving consensus in regards to terminology has been an ongoing challenge in this 
space. Various terms have been used to describe states along the athlete wellbeing 
continuum including acute fatigue, overreaching, functional overreaching, non-
functional overreaching, overtraining, overtraining syndrome, staleness, and 
unexplained underperformance syndrome. However, a joint consensus statement from
the European College of Sport Science and the American College of Sports Medicine 
(Meeusen et al. 2013) has since provided the well-accepted and defined terminology 
as follows. ‘Overtraining’ is a verb used to describe the process of intensified training 
which may result in functional overreaching, non-functional overreaching, or 
overtraining syndrome. Functional overreaching is characterised by a temporary 
decrement in performance which recovers with a reduction of training stress within a 
period of days to weeks, and ultimately leads to improved performance. Non-
functional overreaching is characterised by a stagnation or decrease in performance 
which recovers in weeks to months. Overtraining syndrome, as the use of the term 
‘syndrome’ implies, is characterised by a number of symptoms with multifactorial 
aetiology. The key characteristic of overtraining syndrome is a decrease in 
performance which takes months or more to recover. The diagnosis of overtraining 
syndrome is therefore made retrospectively when the time course of recovery is 
known, and any other possible causes of symptoms (e.g., illness) have been excluded.
A number of hypotheses have been presented describing various mechanisms or 
pathways through which the development of overtraining syndrome occurs. These can 
be grouped according to dysregulation occurring within the principal physiological 
system involved (i.e., metabolic, immune, or endocrine). Hypotheses for metabolic 
dysregulation may focus on a single altered process (i.e., carbohydrate, lipid, or protein 
metabolism), or a combination thereof (e.g., Petibois et al. 2003). As a result of altered 
metabolism, the immune and endocrine systems are also often implicated, hence 
proposed mechanisms as they have been presented to date may not be so clearly 
distinct. For example, in regards to the cytokine hypotheses of overtraining and the 
immune system, elevated cytokines are suggested to result from ongoing tissue trauma 
causing systemic inflammation (Smith 2000), or dysregulation of the interleukin-6
response (Robson 2003). However, chronically elevated cytokines are also proposed 
to activate the sympathetic nervous system and hypothalamic-pituitary-adrenal (HPA) 
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axis (Smith 2000), complementing the previously proposed mechanisms relating to the 
alteration of endocrine axes (Lehmann et al. 1998). Whilst each of the proposed 
physiological mechanisms and associated biochemical markers have been linked to 
overtraining syndrome, it remains unclear whether or not the association is causative. 
Furthermore, considerable research over the preceding decades has failed to identify a 
useful biochemical marker for detecting overtraining syndrome. There is, however, 
agreement on the signs and symptoms associated with overtraining syndrome. 
Therefore, it may be more telling to monitor for these signs and symptoms via self-
report rather than attempting to measure the underlying physiological mechanisms.
Another outcome of the athlete wellbeing continuum with unclear aetiology is athlete 
burnout. Excessive training stress is a possible, but not requisite antecedent of the 
development of athlete burnout. Instead, research on athlete burnout has placed a 
greater focus on psychosocial factors from non-training stressors (e.g., life events, 
occupational, financial, social conflict) (Gustafsson et al. 2011). Athlete burnout is 
characterised by emotional and physical exhaustion, a reduced sense of 
accomplishment, and sport devaluation (Raedeke & Smith 2001). Symptoms include 
mood disturbance, reduced motivation, a sense of lack of control over athletic 
preparation, and dysfunctional behaviours such as ‘cheating’ during training sessions
(Gustafsson et al. 2011). The presence of these symptoms of athlete burnout may be 
evaluated by self-report.
The prevalence of non-functional overreaching, overtraining syndrome, and athlete 
burnout is difficult to determine given the differing definitions used in the literature, 
and the difficulty in establishing a definitive diagnosis. However, the prevalence of 
non-functional overreaching or overtraining syndrome has been estimated to be 
approximately 10% during a training cycle, or 30% over the course of an athletic career 
(Meeusen et al. 2013). Furthermore, there is a heightened risk of recurrence 
(approximately 90%) in athletes who have previously developed non-functional 
overreaching or overtraining syndrome (Meeusen et al. 2013). In comparison, the 
prevalence of athlete burnout is estimated between 1-5% (Gustafsson et al. 2011).
However, it is anticipated that the future prevalence of non-functional overreaching, 
overtraining syndrome and athlete burnout will increase as a result of the higher 
training loads and pressures endured by the modern elite athlete (Gould & Dieffenbach 
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2002). Therefore, careful management of athletic preparation and early detection of 
adverse responses to training become critical in the prevention of these season-ending, 
and potentially career-ending, outcomes.
2.5.2 Performance measures
Maximal performance
Performance capacity is a key defining feature of the different stages of the athlete 
wellbeing continuum. However, encouraging athletes to truly perform at their 
maximum level is often challenging without the associated psychosocial environment
of competition. As such, maximal performance capacity is often best gauged during 
competition. However, competition opportunities are not suitable to determine 
performance capacity in team and skill-dominant sports due to the multiple factors and 
individuals contributing to the performance outcome. Equally, due to the fatiguing 
nature of maximal performance, and the need to taper training and control factors prior 
to testing, it is impractical to monitor performance using a maximal performance type 
test with sufficient regularity (Norris & Smith 2002). The interference to training is 
also not endorsed by athletes and coaches (Borresen & Lambert 2009). Therefore, 
additional measures of performance capacity should be considered.
Neuromuscular function
Neuromuscular fatigue is a reduction in voluntary contractile force resulting from a
deficit within the central nervous system, neural transmission to the muscle, or within 
the muscle (Bigland-Ritchie & Woods 1984). Low frequency fatigue is of most 
relevance to sporting performance, and is characterised by a loss of contractile force 
at low frequencies of stimulation which takes hours to days to recover (Jones 1996).
Low frequency fatigue may be inferred from a single or repeated explosive movement 
such as a countermovement jump. Countermovement jump height may be simply 
measured with a piece of chalk and a wall, or specific vertical jump equipment. Further 
variables such as velocity, power, flight time, and contraction time may be measured 
with a force platform or linear position transducer.
A reduction in the ratio between flight time and contraction time has been shown to 
reflect acute fatigue and recovery following repeated Australian football (Cormack et 
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al. 2008a) and rugby league (Mclean et al. 2010) matches. In regards to a short period 
of overload training, countermovement jump performance has been shown to decrease 
slightly (Coutts et al. 2007a) or not change (Coutts et al. 2007b). The reliability of 
these observations measured using a force platform is supported by an acceptable 
degree of variability of 1-6% (Cormack et al. 2008b). However, at present there is 
insufficient research to determine whether or not a prolonged reduction in 
countermovement jump performance is a useful indicator of a chronic fatigued state.
Psychomotor speed
Symptoms of impaired concentration, cognitions and memory are commonly reported 
in fatigued athletes (Meeusen et al. 2013). Therefore, psychomotor speed has been 
proposed as a marker of non-functional overreaching and overtraining syndrome 
(Nederhof et al. 2006). Cognitive processing speed, as measured by a finger reaction 
time task, has been shown to be impaired in overreached athletes (Rietjens et al. 2005).
However, interestingly, this impairment was only observed in more complex un-cued 
conditions. Similar impairments have also been demonstrated in other overreached 
athletes (Nederhof et al. 2007; Nederhof et al. 2008). Cognitive performance, as 
measured by the Stroop word colour test, has also been demonstrated to be impaired 
in overtrained athletes (Hynynen et al. 2008). These findings, along with the practical 
advantage of psychomotor speed tests being able to be administered simply and 
routinely on a computer or tablet, suggest this may be a useful measure for monitoring 
athlete wellbeing.
2.5.3 Physiological measures
Heart rate and heart rate variability
The autonomic nervous system controls heart activity, with a predominance of 
sympathetic drive increasing heart rate (e.g., in response to training stress), and a 
predominance of parasympathetic drive reducing heart rate (e.g., during recovery). It 
is purported that the balance of sympathetic and parasympathetic activity reflected by 
heart activity may provide insight into athlete wellbeing (Buchheit 2014). Heart rate 
and the beat-to-beat variability in heart rate have been investigated at rest, during 
exercise, immediately following exercise, and during recovery. Findings from studies 
24
Literature Review Chapter 2
investigating heart rate responses to exercise are inconsistent, which is largely 
attributable to the non-standardised conditions in which they are conducted (Buchheit 
2014). Therefore, discussion will focus on the more practical and consistent measures 
taken at rest.
Resting heart rate is measured over five to ten minutes upon awakening, typically in a 
supine position (Buchheit 2014). This testing procedure is intended to minimise or 
standardise factors which influence heart rate such as light, noise, temperature, body 
position, and prior activity (Buchheit 2014). Both resting heart rate and heart rate 
variability (HRV) have similar sensitivity, however HRV is more complex, labour-
intensive to analyse, and has a worse signal-to-noise ratio. Despite this, HRV has 
received considerable interest, and is purported to provide valuable insight into athlete 
wellbeing (Buchheit 2014; Plews et al. 2013).
Measurement of HRV is becoming increasingly accessible, with technologies and 
analysis software incorporated into standard heart rate monitors and even smart phone 
and tablet applications. There are many indices used to determine HRV, however 
research suggests the most reliable and practical index is the natural log of the square 
root of the mean sum of the squares of the difference between adjacent R-R intervals 
(Ln rMSSD) (Plews et al. 2013). The Ln rMSSD index only requires ten to sixty 
seconds of measurement, is minimally affected by breathing, and can be calculated 
with a spreadsheet rather than reliance upon specific software (Buchheit 2014).
Heart rate variability is typically decreased for 24-48 hours following an acute bout of 
intense exercise, potentially mirroring the recovery process and indicating when the 
athlete is ready for the next intense session (Buchheit 2014). However, the opposite 
response has been recorded in hot environments and in athletes competing over 
multiple days, highlighting the need to consider the sporting context (Buchheit 2014).
The chronic response of HRV to exercise is recommended to be measured a minimum 
of three times per week, with values averaged over the week or as a seven-day rolling 
average (Plews et al. 2013). An increase in chronic HRV is typically associated with a 
positive training response, whereas a decrease in chronic HRV is associated with a 
negative training response (Plews et al. 2013). However, a non-linear relationship 
exists between heart rate and HRV, such that both low and high heart rates are 
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associated with low HRV (Plews et al. 2013). This phenomenon is attributed to a
saturation of acetylcholine receptors (Plews et al. 2013). Consequently, elite athletes,
or athletes with a long training history, who have a lowered resting heart rate are more 
prone to saturation of acetylcholine receptors, and experience less variability in heart 
rate (Plews et al. 2013). Therefore, the chronic response of HRV needs to be 
interpreted in context of the training history of the athlete, along with the training 
phase, load, and distribution (Buchheit 2014).
Sleep
Sleep disorders are cited among the myriad of symptoms associated with overtraining, 
and may contribute to impaired cognitive and biological function (Meeusen et al. 
2013). Sleep disturbances have also been observed in functionally overreached 
endurance athletes (Hausswirth et al. 2014). Consequently, it has been proposed that 
monitoring sleep quality and quantity may provide useful insight into athlete wellbeing
(Halson 2014). Sleep may be measured via self-report, with the athlete recording their 
time of attempting to sleep and time of wakening, perceived sleep latency, and 
perceived sleep quality. Alternatively, empirically supported questionnaires may be 
used such as the Pittsburgh Sleep Quality Index (Buysse et al. 1989) or the Athlete 
Sleep Screening Questionnaire (Samuels et al. 2015).
A more objective measure of sleep may be obtained from wrist actigraphy (Halson 
2014). Wrist actigraphy is a non-intrusive and readily accessible method of monitoring 
sleep. Compared to the gold standard of polysomnography, actigraphs have acceptable 
validity and reliability in normal populations; however this varies depending on
individual device characteristics and the algorithms applied to the data (Sadeh 2011).
Self-reported sleep data may also aid the interpretation of wrist actigraphy (Lastella et 
al. 2015). Research on sleep in athletes is in its infancy, however the early support, 
combined with practical advantages, suggest sleep monitoring may be a useful tool for 
monitoring athlete wellbeing.
Biochemical markers
There are numerous proposed biochemical markers for monitoring the training
response which may be measured from blood, urine and/or saliva samples of athletes. 
Some of the more prevalent markers include creatine kinase, endocrine, and immune 
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markers; reflecting the proposed physiological mechanisms of overtraining syndrome. 
Creatine kinase (CK) is a popular marker measured in both research and applied 
practice due to the relative simplicity and low cost of analysis. Creatine kinase is 
released from muscle cells in response to eccentric and unaccustomed exercise. 
Therefore, levels of CK are typically elevated following strenuous exercise, and return 
to normal with recovery (Brancaccio et al. 2007). However, CK (and related proteins 
such as lactate dehydrogenase and myoglobin) do not recover at the same rate as 
muscle function (Margaritis et al. 1999). Furthermore, findings for CK in overtrained 
athletes are inconsistent, hence CK is considered a poor marker of athlete wellbeing
(Meeusen et al. 2013; Urhausen & Kindermann 2002).
Endocrine markers are of interest for their ability to reflect altered endocrine axes 
which have been proposed as possible mechanisms for the progression along the 
athlete wellbeing continuum. Cortisol, testosterone, and the ratio of these hormones,
have been considered as potential markers of the anabolic or catabolic state of an 
athlete. Cortisol is a hormone released from the adrenal cortex in response to 
physiological and psychological stress. An elevation in cortisol may reflect an acute 
response to stress, whilst a decrease in cortisol may reflect a chronic state of 
overtraining, however this response is inconsistent across studies (Urhausen & 
Kindermann 2002). Testosterone is a gonadal anabolic hormone which may be 
suppressed during periods of high physiological stress, however findings have also 
been inconsistent (Urhausen & Kindermann 2002).
The responsiveness of the HPA-axis to exercise and recovery has been suggested to 
be more informative of the overtrained state (Meeusen et al. 2013). A protocol 
consisting of two incremental exercise tests to exhaustion separated by four hours has 
been shown to differentiate between athletes at different states of the wellbeing 
continuum (Meeusen et al. 2010; Meeusen et al. 2004). The hormonal response to the 
second bout is particularly informative, with an overshoot of adrenocorticotrophin 
hormone (ACTH) and prolactin demonstrated in athletes who were non-functionally 
overreached, compared to a suppressed response in athletes who were retrospectively 
diagnosed with overtraining syndrome (Meeusen et al. 2010). However, such a 
protocol is impractical for routine monitoring. Furthermore, it is difficult to conclude 
typical response patterns of these and other hormones without controlling for 
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numerous confounding variables including pulsatile secretion, nutrition and energy 
balance, sleep disturbances, interactions between endocrine axes, and the limitations 
of assays used (Duclos 2008).
The immune system is also sensitive to both physiological and psychological stress, 
and so immunological markers have been investigated for use in athlete monitoring. 
In response to an acute bout of prolonged or exhaustive exercise, innate (e.g., natural 
killer cell activity, phagocytosis) and acquired (e.g., lymphocyte and immunoglobulin 
production) immune functions are temporarily supressed (Gleeson & Walsh 2012).
Immune function may remain supressed with insufficient recovery between training 
sessions, such as during a period of overload (Gleeson & Walsh 2012). However, 
markers of immune function have been unable to distinguish between overtrained and 
healthy athletes (Gabriel et al. 1998; Mackinnon et al. 1997). Instead, evaluation of 
immune function is recommended to rule out the presence of disease when determining 
whether or not overtraining is likely (Meeusen et al. 2013).
The inconclusive nature of biochemical markers may be attributed to the large inter-
and intra-individual variability. On average, biochemical markers have been shown to 
have a variability of 36% (25-30% inter-individual, and 20-25% intra-individual 
variability) (Bagger et al. 2003). Factors which affect levels of biological markers 
include current state of training and health, intensity and duration of training and 
methodological differences (Shephard et al. 1994). Haematological measures are also 
invasive, imposing additional risks, and are costly of both resources and staff required 
to perform them. Consequently, the need for strict sampling procedures, frequent 
sampling, and fast determination of results, preclude the use of biochemical markers 
for routine athlete monitoring (Coutts & Cormack 2014; Halson 2014).
2.5.4 Athlete self-report measures
The term ASRM broadly encompasses any measure where an athlete self-reports their 
subjective physical, psychological and/or social wellbeing. The development and 
refinement of ASRM in the literature illustrates a wavering focus on which factors 
may be most informative for athlete monitoring (Table 2.1). Primary factors evaluated 
by ASRM include mood disturbance, perceived stress and recovery, and physical and 
behavioural symptoms.
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Table 2.1 The development of self-report measures in the literature which have been used for athlete monitoring.
Measure Reference Items(n)
Dimensions 
(n)
Time
frame* Scale Primary factor(s) 
Profile of Mood States (POMS) McNair et al. (1981) 65 6 1 week 5-point Mood 
Perceived Stress Scale (PSS) Cohen et al. (1983) 14 1 1 month 5-point Stress 
Daily Analyses of Life Demands for Athletes 
(DALDA) Rushall (1990) 34 2 Now 3-point Stress, symptoms 
Abbreviated POMS (POMS-A) Grove and Prapavessis (1992) 40 7 1 week 5-point Mood 
Société Française de Médecine du Sport
overtraining questionnaire (SFMS) Legros (1993) 54 + 6 1 1 month 
Yes/No 
VAS Symptoms 
Training Distress Scale Raglin and Morgan (1994) 7 2 1 week 5-point Mood 
Total Quality Recovery (TQR) Kenttä and Hassmén (1998) 1 1 Now 15-point Recovery 
Brunel Mood Scale (BRUMS) Terry et al. (1999) 24 6 1 week 5-point Mood 
Athlete Burnout Questionnaire (ABQ) Raedeke and Smith (2001) 15 3 Now 5-point Symptoms 
Recovery-Stress Questionnaire for Athletes 
(RESTQ-Sport) Kellmann and Kallus (2001) 76/52 19 3 days 7-point Stress, recovery 
Recovery-Cue Kellmann et al. (2002) 7 3 1 week 7-point Stress, recovery 
POMS Energy Index Kenttä et al. (2006) 15 2 Now 5-point Mood 
Multi-component Training Distress Scale (MTDS) Main and Grove (2009) 22 6 1 day 5-point Mood, stress, symptoms 
Emotional Recovery Questionnaire (EmRecQ) Lundqvist and Kenttä (2010) 22 5 Now 5-point Emotions 
Perceived Recovery Status Scale (PRS) Laurent et al. (2011) 1 1 Now 11-point Recovery 
Training Distress Scale (TDS) Grove et al. (2014) 19 1 2 days 5-point Symptoms 
Acute Recovery and Stress Scale (ARSS) Kölling et al. (2015) 32 8 Now 7-point Stress, recovery 
*Time frame reflects response set of originally developed measure, however this may be modified to meet requirements of setting.
VAS = visual analogue scale 
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Mood disturbance
Research using ASRM to monitor the training response gained momentum in the 
1980s, with a series of studies conducted and summarised by Morgan and colleagues 
(1987). Over the course of 10 years, Morgan and colleagues administered the Profile 
of Mood States (POMS) (McNair et al. 1981) questionnaire to swimmers every 2-4
weeks. The POMS is a 65-item questionnaire which measures five negative mood 
states (tension, depression, anger, fatigue, confusion) and one positive mood state 
(vigour). In agreement with the dynamic component of the Mental Health Model
(Morgan 1985), Morgan and colleagues observed a consistent response pattern where
mood disturbance increased with training load, and recovered with a decrease in 
training load. A similar pattern has subsequently been observed using the POMS to 
monitor swimmers (Flynn et al. 1994; Morgan et al. 1988; O'Connor et al. 1989; Raglin 
et al. 1996), rowers (Raglin et al. 1990), runners (Flynn et al. 1994; Verde et al. 1992),
and cyclists (Berger et al. 1999; Martin et al. 2000). This reciprocal increase and 
decrease with training provides strong evidence for the effect of training, and the
responsiveness of the measure.
Concurrent changes in training load and mood disturbance provide convergent validity 
for the POMS. However, as a measure of athlete wellbeing, it is better to evaluate 
validity against the criterion of performance. A meta-analysis confirms that POMS is 
a small-moderate predictor of performance outcomes (Beedie et al. 2000). Importantly, 
from the perspective of detecting overtraining, the POMS is able to distinguish 
between overtrained and healthy athletes. In response to an increase in training load, 
overtrained athletes have been shown to experience a greater increase in mood 
disturbance, and a different pattern of mood disturbance (Raglin & Morgan 1994).
Specifically, overtrained athletes experience a marked increase in depression, unlike 
healthy athletes who do not experience an increase in depression with an increase in 
training load (Raglin & Morgan 1994).
Although there is strong empirical support for the POMS to reflect the athlete training 
response, several limitations must be considered for use in applied practice. Firstly, 
the large number of questions (65-items) preclude frequent monitoring. This limitation 
has been addressed by Terry and colleagues (1999) who developed an abbreviated (24-
30
Literature Review Chapter 2
item) version for use with adolescents, and subsequently tested its validity for use in 
adult populations (Terry et al. 2003), which is now known as the Brunel Mood Scale 
(BRUMS). Another commonly cited limitation of the POMS (and BRUMS) is the fact 
that the measure was developed for use in clinical practice, therefore lacks specificity 
to athletic populations (Meeusen et al. 2013). However, this lack of specificity may 
also be viewed as an advantage, as the measure evaluates mood disturbance resulting 
from both training and non-training stressors. The Training Distress Scale (TDS) 
(Raglin & Morgan 1994) and POMS energy index (Kenttä et al. 2006) are further 
derivatives of the POMS aimed at improving the sensitivity to overtraining. 
Nevertheless, evaluation of mood disturbance may be inadequate in capturing the 
effect of numerous training and non-training stressors on athlete wellbeing, and their 
manifestation as physical and psychosocial signs and symptoms. Consequently, 
athlete-specific measures have been developed which evaluate one or more elements 
of athletic preparation and their impact upon athlete wellbeing.
Perceived stress and recovery
The effect of training and non-training stressors on athlete wellbeing may be 
subjectively reported by athletes. The Daily Analyses of Life Demands of Athletes 
(DALDA) is a 34-item questionnaire which evaluates the presence of training and non-
training sources of stress, along with symptoms of stress (Rushall 1990). Although 
developed by Rushall in 1990, the DALDA did not feature in research until the 2000s. 
A study by Halson and colleagues (2002) on cyclists demonstrated that symptoms of 
stress measures by the DALDA increased with intensified training, and restored to 
normal levels with recovery. The symptoms of stress mirrored the typical pattern of 
mood disturbance, which was measured alongside the DALDA. The same pattern for 
symptoms of stress and training load have subsequently been observed in triathletes 
(Coutts et al. 2007c; Robson-Ansley et al. 2007) and futsal players (Milanez et al. 
2014). A study by Storey and colleagues (2015) observed an increase in symptoms of 
stress with intensified training in weightlifters, however symptoms did not restore with 
one week of recovery, perhaps indicating a longer time for recovery and/or a different 
response in strength athletes.
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The Recovery-Stress Questionnaire for Athletes (RESTQ-Sport) is a 76-item 
questionnaire which measures the frequency of stress (10 subscales) and recovery-
associated (9 subscales) activities (Kellmann & Kallus 2001). The RESTQ-Sport has 
become widely popular in research over the previous decade. Initial studies by 
Kellmann and colleagues on rowers demonstrated that measures of stress increased 
and decreased with training load, alongside mood disturbance, whilst recovery 
demonstrated the opposite response (Kellmann et al. 2001; Kellmann & Gunther 
2000). The stress and recovery subscales may be combined into a recovery-stress 
index, with a decrease in this index with increased training indicating an athlete is not 
coping with the additional load. A dose-response relationship between stress and 
training load, and an inverse relationship between recovery and training load or the 
recovery-stress index, has since been demonstrated in rowers (Jürimäe et al. 2004a;
Mäestu et al. 2006; Purge et al. 2006), swimmers (Elbe et al. 2015; González-Boto et 
al. 2008; Nagle et al. 2015), triathletes (Coutts et al. 2007d), tennis players (Filaire et 
al. 2013; Filaire et al. 2009), judo athletes (Morales et al. 2014), and team sport athletes 
(Coutts & Reaburn 2008; Faude et al. 2011; Freitas et al. 2014).
Symptom checklists
An alternative approach to monitoring athlete wellbeing is through the use of a 
symptom checklist. Symptoms may be physical (e.g., headache, sore throat, digestive 
complaints) or behavioural (e.g., ability to work, eating habits) in nature. The presence 
of physical and behavioural symptoms may be evaluated as a dichotomous or scaled 
variable. For example, a forced answer (Yes/No) checklist of 54 symptoms associated
with overtraining, along with six scaled questions, was developed by the Société
Française de Médecine du Sport (SFMS) (Legros 1993). This checklist has been used 
to demonstrate an increase in overtraining symptoms during overload training 
(Bosquet et al. 2001; Palazzetti et al. 2005). Alternatively, the Training Distress Scale 
(TDS) (Grove et al. 2014) evaluates the presence of 19 symptoms of overtraining on a 
5-point Likert scale. The TDS has been shown to be sensitive to training load and 
performance (Grove et al. 2014).
To holistically monitor athlete wellbeing, it may be useful to evaluate the presence of 
symptoms associated with factors beyond training. For instance, behavioural 
32
Literature Review Chapter 2
symptoms are suggested to provide important insight into an athlete’s self-determined 
motivation (Grove et al. 2013), which may be indicative of athlete burnout (Lonsdale 
et al. 2009). The most commonly used measure in this space is the Athlete Burnout 
Questionnaire (ABQ) which evaluates the presence of 15 symptoms aligning with the 
three subscales of emotional and physical exhaustion, reduced sense of 
accomplishment, and devaluation (Raedeke & Smith 2001). The ABQ has been shown 
to reflect differing levels of athlete burnout amongst professional rugby union players 
across a season, mediated by factors such as experience and playing position 
(Cresswell & Eklund 2006). Athlete burnout measured by the ABQ has also been 
shown to be a strong predictor of table tennis performance (Martinent & Decret 2012).
Composite measures
Symptom checklists have the advantage of being a more holistic measure of athlete 
wellbeing, catering to the diversity of the individual response. Conversely, monitoring 
mood disturbance and perceived stress and recovery may be more advantageous, with 
the potential to detect maladaptation prior to the manifestation of symptoms (Meeusen 
et al. 2013). It therefore follows that a combined approach may be more effective. The 
Multi-component Training Distress Scale (MTDS) was developed to monitor mood 
disturbance, stress, and behavioural symptoms in response to training (Main & Grove 
2009). This composite measure consists of 22 items measuring six discrete factors 
(depression, vigour, physical symptoms, sleep disturbances, stress, and fatigue). The 
MTDS has been shown to reflect the state of a triathlete who was not coping with a 
heavy competition and training schedule, and who was subsequently diagnosed with 
overtraining syndrome and athlete burnout (Main & Landers 2012). The MTDS has 
also been shown to be more sensitive than the RESTQ-Sport at predicting performance 
changes in swimmers (Main et al. 2015).
Another well-cited composite approach recommended by Hooper and Mackinnon 
(1995) is for an ASRM to include well-being ratings of fatigue, stress, sleep, muscle 
soreness, enjoyment of training, irritability, and health. Based upon these 
recommendations, a simple composite measure has been shown to be sensitive to 
changes in training load (Buchheit et al. 2013; Gathercole et al. 2015; Jürimäe et al. 
2004b) and countermovement jump performance (Gathercole et al. 2015). Despite a 
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lack of empirical evidence to support the validity and reliability of the measures used 
in these studies, it appears that there is utility in monitoring the training response with 
a small number of questions which broadly encompass various aspects of physical and 
psychosocial wellbeing.
Athlete self-report measures and applied practice
Use of ASRM in applied practice faces the challenge of minimising any additional 
burden on athletes whilst obtaining good quality and meaningful data over the long-
term. Consequently, practitioners tend to incorporate the underlying principles of 
psychometric measures and symptom checklists into their own custom measure 
(Gastin et al. 2013). A survey of monitoring practices in high performance sport 
programs in Australia and New Zealand found that of the 84% of respondents who 
utilised an ASRM, 80% used a custom measure (Taylor et al. 2012). Custom measures 
typically consisted of 5-12 items reported on a frequent, often daily, basis, with an 
emphasis on muscle soreness, physical fatigue, and general wellness. However, 
despite being common practice, there is scant information in the literature on the 
validity, reliability, and utility of such measures when used frequently over a season 
(or several seasons) of training.
A study conducted in an elite Australian Football setting demonstrated that a custom 
ASRM (fatigue, muscle strain, pain/stiffness, power, sleep quality, stress, wellbeing) 
was sensitive to daily and weekly fluctuations in recovery status, particularly in regard 
to the high load of games, and offloading during bye weeks (Gastin et al. 2013). The 
variability of this custom measure was 24.1%. The variability was greater the day after 
a game (31.9%) and smallest the day of a game (12.4%), and likely reflects the 
collective variability of how the athlete felt, how they reported this on the measure, 
and normal variations in training and game load (Gastin et al. 2013). However, low 
variability for a group does not necessarily guarantee reliability for an individual 
(Beckmann & Kellmann 2003). It is therefore recommended that this variability be 
calculated specifically for the measure, the athlete, and the setting in which it is being 
used (Gastin et al. 2013).
Validity on the other hand is not a property of the measure, but of the scores and 
interpretation (Cook & Beckman 2006). Scores and interpretation may be affected by 
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how questions are worded, the response options, and also the context of the questions 
(Schwarz 1999). Beyond the measure, self-reported information may be affected by 
the situational context, who is eliciting the self-report and their underlying reasons 
(e.g., to determine if a reduction in training load is necessary, or to determine whether 
an athlete is fit to compete), and perceptions of consequences (Brener et al. 2003;
Collins et al. 1999; Hadjistavropoulos & Craig 2002). This appraisal may lead to
deliberate response distortion.
Deliberate response distortion may result from athletes wanting to present themselves 
in a uniformly positive light (social desirability bias) (Meeusen et al. 2013). Athletes 
are more likely to engage in positive response distortion if they fear negative 
consequences such as non-selection, appearing mentally weak, or they are concerned 
about the privacy of their data (Ekegren et al. 2014; Sinden 2010). Hence clear 
information and assurance regarding the use of data is important to minimise this 
source of bias (Collins et al. 1999; Meeusen et al. 2013). Alternatively, in the instance 
that an athlete is not feeling up to training, they may report their wellbeing more 
negatively in an effort to have their training load reduced (Meeusen et al. 2013).
Negative response distortion may actually prove informative if the athlete were feeling 
overloaded and not coping with training, prior to actual manifestation of symptoms. 
Nevertheless, the goal of implementing an ASRM in practice should be to obtain 
accurate information on an athlete’s subjective wellbeing.
2.5.5 Summary of monitoring the training response
Directly measuring maximal performance capacity may be the best indicator of the 
training response, however this method is limited by practicalities, particularly for 
frequent monitoring. Attention has largely been directed at biochemical markers 
however, as yet, no reliable marker has been identified. Athlete self-report measures 
appear to be the most promising method for monitoring the training response. Research 
suggests that ASRM are a relatively simple and effective method of monitoring 
physical and psychosocial wellbeing. There are, however, inherent limitations of self-
report to consider, such as the reliance upon athletes to complete an ASRM and to do 
so accurately. Therefore, it is important to determine how these limitations can be 
minimised, and whether or not ASRM may be used in a meaningful way to support 
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athletic preparation. It is also possible that ASRM use may be complemented by less 
demanding objective measures such as neuromuscular function, psychomotor speed, 
HRV and sleep actigraphy, however further research is needed to determine the utility 
of each of these measures.
2.6 Practical considerations for athlete monitoring
The foundations of athletic preparation may be universal, however their translation to 
practice must consider the nuances of the applied sport setting. Specifically, the 
demands of the sport and competition schedule, the number and expertise of the 
athletes and staff involved, and the resources available, should dictate what approach 
is most appropriate and feasible. For instance, the training and monitoring methods 
adopted by a coach working one-on-one with an athlete will differ from a coach 
working alone with a group of athletes, which will both differ considerably from 
athletic preparation in a professional or sport institute setting where support staff, 
resources, and demands are greater. Furthermore, within settings with multiple 
athletes, it is also necessary to consider the different characteristics and experiences of 
athletes, and individualise strategies accordingly.
Countless training and non-training factors determine the performance capacity and 
wellbeing of an athlete. As it is not possible to fully quantify each of these factors, 
their collective influence may be monitored in terms of the training response. 
However, monitoring the training response, whether through performance, 
physiological measures, or ASRM, necessitates an additional burden on athletes and 
staff. To be sustainable, this burden must be minimised through ease of administration, 
the ability to be completed anywhere, and efficient output of results (Halson 2014).
The burden should also be justifiable with a clear rationale of why monitoring is to be 
conducted, what is going to be monitored, how often monitoring will occur, and how 
the data will be interpreted and used (Halson 2014).
The interpretation of data requires the assessment of whether or not a change is 
meaningful. The assessment requires the knowledge of the typical error of 
measurement and the smallest worthwhile change (Halson 2014). Firstly, if the change 
in a measure is greater than the typical error of the measurement, staff can be confident 
that a true change has occurred (Coutts & Cormack 2014). Secondly, it must be 
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determined whether or not this change is meaningful for performance. The smallest 
worthwhile change is more complex to calculate as it is dependent on several factors 
related to the individual, the measure, and the training context. As a guide, the smallest 
worthwhile change for an individual performance may be considered as 0.3 of the 
typical variation in the athlete’s performance (Hopkins 2004). However, if the smallest 
worthwhile change is less than the typical error of measurement, interpretation is 
difficult. Determination of the smallest worthwhile change for indirect measures of 
performance capacity, such as self-reported wellbeing, is also problematic.
Interpretation of a meaningful change in ASRM scores needs to take into account the 
individual’s reporting habits. Some athletes habitually report within a very narrow 
range of values whilst others fluctuate considerably. Furthermore, the value an athlete 
considers as their normal may be the mid-point on the scale, or at the lower-end or 
upper-end of the scale. To account for this, a common method used to analyse data is 
to calculate the deviation in an athlete’s score from their mean. Staff may then set a 
threshold for what deviation from the mean reflects a meaningful change. For example, 
(1994; Raglin 1993) thresholds of more than a 50% increase or less than a 10% 
increase in mood disturbance from an off-season baseline have been successfully used 
to modulate training in elite canoeists (Berglund & Safstrom 1994). In practice, 
thresholds such as 5% below the mean value or one standard deviation from the mean 
have been reported (Taylor et al. 2012). Practical experience has also led to the 
recommendation of 1.5 standard deviations from a baseline mean (Coutts & Cormack 
2014). However, in each instance the stated thresholds remain arbitrary. Whilst the 
calculation of mean and standard deviation for categorical scales, and the use of 
arbitrary thresholds is discouraged (Twist & Highton 2013), the somewhat inaccurate 
interpretation may still provide valuable insight in practice.
In light of the limitations of measurement and interpretation of athlete monitoring, it 
is possible that a false positive or a false negative result may lead to an inappropriate 
decision being made regarding athletic preparation. A false positive may wrongly 
indicate that the athlete is not coping with the training, and training stress may be 
unnecessarily reduced as a result. A false negative may wrongly indicate that the 
athlete is coping with training, potentially allowing the athlete to continue to progress 
towards an overtrained state. To better inform decisions, it is therefore recommended 
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that a mixed methods approach is taken, incorporating measures of external and 
internal stress, and the training response (Buchheit 2014; Coutts & Cormack 2014;
Halson & Jeukendrup 2004; Hooper & Mackinnon 1995). Measures of the training 
stress will assist the determination of whether or not a meaningful change (or lack 
thereof) is intended, or whether other factors may be at play.
Interpretation of ASRM data and determination of an appropriate course of action may 
also be facilitated by an interdisciplinary approach whereby staff of different 
disciplines work collaboratively to integrate their knowledge and ideas (Botterill & 
Wilson 2002). Such collaboration is being increasingly enabled by specialised 
software which combines data from various athlete monitoring sources (Halson 2014).
In settings where there are numerous supporting staff from sport science and medicine 
disciplines, it is recommended that one member of the team coordinates inputs and 
acts as an intermediary between the support staff and the coach (Norris & Smith 2002).
It is also important to consider the issues of confidentiality, role clarification and 
conflict (Botterill & Wilson 2002). Particularly in regards to ASRM completion, if an 
athlete perceives that their data will be relayed to staff who are involved in team 
selection, the athlete will engage in ‘impression management’ to protect or enhance 
their position (Collins et al. 1999). A lack of clarity regarding roles and confidentiality 
will therefore compromise athlete monitoring and preparation, and will also contribute 
to the stress experienced by an athlete (Collins et al. 1999).
2.7 Summary
The performance capacity and wellbeing of an athlete is the resultant effect of 
performance-related behaviours and individual factors. Athlete monitoring provides 
greater insight and control of athletic preparation through the monitoring of the 
external and internal training stress, and the training response. There are various 
measures available for athlete monitoring, ranging in accuracy, complexity, and the 
resources required. The suitability of a measure will therefore depend upon the nature 
of the sport, the sport setting, and requirements of the athlete and sports program. 
Furthermore, given the contrasting strengths and limitations of objective and 
subjective measures, it may be most effective to use a mixed methods approach for 
athlete monitoring.
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There is strong support in the literature for ASRM to be incorporated into athlete
monitoring practices as a simple and effective method of monitoring athlete wellbeing.
However, it is not known whether ASRM may be used to accurately reflect the training 
response in applied practice, nor how the data may be used to guide athletic 
preparation. Therefore, further research is needed to understand if and how ASRM
may be effectively incorporated into athletic preparation over the long-term.
39
Literature Review Chapter 2
References
Achten, J. & Jeukendrup, A.E. 2003. Heart rate monitoring: Applications and 
limitations. Sports Medicine, vol. 33, no. 7, pp. 517-38.
Amorose, A.J., Anderson-Butcher, D. & Cooper, J. 2009. Predicting changes in 
athletes' well being from changes in need satisfaction over the course of a 
competitive season. Research Quarterly for Exercise and Sport, vol. 80, no. 2, 
pp. 386-92.
Aubry, A., Hausswirth, C., Louis, J., Coutts, A.J. & Le Meur, Y. 2014. Functional 
overreaching: The key to peak performance during the taper? Medicine and 
Science in Sports and Exercise, vol. 46, no. 9, pp. 1769-77.
Bagger, M., Petersen, P. & Pedersen, P. 2003. Biological variation in variables 
associated with exercise training. International Journal of Sports Medicine,
vol. 24, no. 6, pp. 433-40.
Banister, E. 1991. Modeling elite athletic performance. In: Green, H., Mcdougal, J. & 
Wenger, H. (eds.) Physiological testing of elite athletes. Champaign, IL: 
Human Kinetics.
Barris, S. & Button, C. 2008. A review of vision-based motion analysis in sport. Sports 
Medicine, vol. 38, no. 12, pp. 1025-43.
Bartholomew, K., Ntoumanis, N., Ryan, R.M. & Thøgersen-Ntoumani, C. 2011. 
Psychological need thwarting in the sport context: Assessing the darker side of 
athletic experience. Journal of Sport and Exercise Psychology, vol. 33, no. 1, 
pp. 75-102.
Beckmann, J. & Kellmann, M. 2003. Procedures and principles of sport psychological 
assessment. Sport Psychologist, vol. 17, no. 3, pp. 338-50.
Beedie, C.J., Terry, P.C. & Lane, A.M. 2000. The profile of mood states and athletic 
performance: Two meta-analyses. Journal of Applied Sport Psychology, vol. 
12, no. 1, pp. 49-68.
Berger, B.G., Motl, R.W., Butki, B.D., Martin, D.T., Wilkinson, J.G. & Owen, D.R. 
1999. Mood and cycling performance in response to three weeks of high-
intensity, short-duration overtraining, and a two-week taper. Sport 
Psychologist, vol. 13, no. 4, pp. 444-57.
Berglund, B. & Safstrom, H. 1994. Psychological monitoring and modulation of 
training load of world-class canoeists. Medicine and Science in Sports and 
Exercise, vol. 26, no. 8, pp. 1036-40.
Bigland-Ritchie, B. & Woods, J.J. 1984. Changes in muscle contractile properties and 
neural control during human muscular fatigue. Muscle Nerve, vol. 7, pp. 691-
99.
Bini, R.R., Diefenthaeler, F. & Carpes, F.P. 2014. Determining force and power in 
cycling: a review of methods and instruments for pedal force and crank torque 
measurements: review article. International SportMed Journal, vol. 15, no. 1, 
pp. 96-112.
Blanchard, C.M., Amiot, C.E., Perreault, S., Vallerand, R.J. & Provencher, P. 2009. 
Cohesiveness, coach's interpersonal style and psychological needs: Their 
effects on self-determination and athletes' subjective well-being. Psychology 
of Sport and Exercise, vol. 10, no. 5, pp. 545-51.
Borg, G., Hassmén, P. & Lagerström, M. 1987. Perceived exertion related to heart rate 
and blood lactate during arm and leg exercise. European Journal of Applied 
Physiology and Occupational Physiology, vol. 56, no. 6, pp. 679-85.
40
Literature Review Chapter 2
Borg, G.A. 1982. Psychophysical bases of perceived exertion. Medicine and Science 
in Sports and Exercise, vol. 14, no. 5, pp. 377-81.
Borresen, J. & Lambert, M.I. 2009. The quantification of training load, the training 
response and the effect on performance. Sports Medicine, vol. 39, no. 9, pp. 
779-95.
Bosquet, L., Léger, L. & Legros, P. 2001. Blood lactate response to overtraining in 
male endurance athletes. European Journal of Applied Physiology, vol. 84, no. 
1-2, pp. 107-14.
Botterill, C. & Wilson, C. 2002. Overtraining: Emotional and interdisciplinary 
dimensions. In: Kellmann, M. (ed.) Enhancing recovery: Preventing 
underperformance in athletes. Champaign, IL: Human Kinetics.
Brady, A. & Shambrook, C. 2003. Towards an understanding of elite athlete quality 
of life: A phenomenological study. Journal of Sports Sciences, vol. 21, no. 4, 
pp. 341-42.
Brancaccio, P., Maffulli, N. & Limongelli, F.M. 2007. Creatine kinase monitoring in 
sport medicine. British Medical Bulletin, vol. 81-82, no. 1, pp. 209-30.
Brener, N.D., Billy, J.O. & Grady, W.R. 2003. Assessment of factors affecting the 
validity of self-reported health-risk behavior among adolescents: Evidence 
from the scientific literature. Journal of Adolescent Health, vol. 33, no. 6, pp. 
436-57.
Buchheit, M. 2014. Monitoring training status with HR measures: Do all roads lead to 
Rome? Frontiers in Physiology, vol. 5, pp. 1-19.
Buchheit, M., Racinais, S., Bilsborough, J.C., Bourdon, P.C., Voss, S.C., Hocking, J., 
Cordy, J., Mendez-Villanueva, A. & Coutts, A.J. 2013. Monitoring fitness, 
fatigue and running performance during a pre-season training camp in elite 
football players. Journal of Science and Medicine in Sport, vol. 16, no. 6, pp. 
550-55.
Burke, L. 2007. Training and competition nutrition. Practical sports nutrition.
Champaign, IL: Human Kinetics.
Buysse, D.J., Reynolds Iii, C.F., Monk, T.H., Berman, S.R. & Kupfer, D.J. 1989. The 
Pittsburgh sleep quality index: A new instrument for psychiatric practice and 
research. Psychiatry Research, vol. 28, no. 2, pp. 193-213.
Chambers, R., Gabbett, T.J., Cole, M.H. & Beard, A. 2015. The use of wearable 
microsensors to quantify sport-specific movements. Sports Medicine, vol. 45, 
no. 7, pp. 1065-81.
Chen, M.J., Fan, X. & Moe, S.T. 2002. Criterion-related validity of the Borg ratings 
of perceived exertion scale in healthy individuals: A meta-analysis. Journal of 
Sports Sciences, vol. 20, no. 11, pp. 873-99.
Cohen, S., Kamarck, T. & Mermelstein, R. 1983. A global measure of perceived stress. 
Journal of Health and Social Behavior, vol. 24, no. 4, pp. 385-96.
Collins, D., Moore, P., Mitchell, D. & Alpress, F. 1999. Role conflict and 
confidentiality in multidisciplinary athlete support programmes. British 
Journal of Sports Medicine, vol. 33, no. 3, pp. 208-11.
Cook, D.A. & Beckman, T.J. 2006. Current concepts in validity and reliability for 
psychometric instruments: theory and application. American Journal of 
Medicine, vol. 119, no. 2, pp. 166.e7-66.e16.
Cormack, S.J., Newton, R.U., McGuigan, M.R. & Cormie, P. 2008a. Neuromuscular 
and endocrine responses of elite players during an Australian Rules football 
season. International Journal of Sports Physiology and Performance, vol. 3, 
no. 4, pp. 439-53.
41
Literature Review Chapter 2
Cormack, S.J., Newton, R.U., McGuigan, M.R. & Doyle, T.L. 2008b. Reliability of 
measures obtained during single and repeated countermovement jumps. 
International Journal of Sports Physiology and Performance, vol. 3, no. 2, pp. 
131.
Coutts, A. & Cormack, S.J. 2014. Monitoring the training response. In: Joyce, D. & 
Lewindon, D. (eds.) High-performance training for sports. Champaign, IL: 
Human Kinetics Publishers.
Coutts, A., Reaburn, P., Piva, T. & Murphy, A. 2007a. Changes in selected 
biochemical, muscular strength, power, and endurance measures during 
deliberate overreaching and tapering in rugby league players. International 
Journal of Sports Medicine, vol. 28, pp. 116-24.
Coutts, A.J., Rampinini, E., Marcora, S.M., Castagna, C. & Impellizzeri, F.M. 2009. 
Heart rate and blood lactate correlates of perceived exertion during small-sided 
soccer games. Journal of Science and Medicine in Sport, vol. 12, no. 1, pp. 79-
84.
Coutts, A.J. & Reaburn, P. 2008. Monitoring changes in rugby league players' 
perceived stress and recovery during intensified training. Perceptual and 
Motor Skills, vol. 106, no. 3, pp. 904-16.
Coutts, A.J., Reaburn, P., Piva, T.J. & Rowsell, G.J. 2007b. Monitoring for 
overreaching in rugby league players. European Journal of Applied 
Physiology, vol. 99, no. 3, pp. 313-24.
Coutts, A.J., Slattery, K.M. & Wallace, L.K. 2007c. Practical tests for monitoring 
performance, fatigue and recovery in triathletes. Journal of Science and 
Medicine in Sport, vol. 10, no. 6, pp. 372-81.
Coutts, A.J., Wallace, L.K. & Slattery, K.M. 2007d. Monitoring changes in 
performance, physiology, biochemistry, and psychology during overreaching 
and recovery in triathletes. International Journal of Sports Medicine, vol. 28, 
no. 2, pp. 125-34.
Cresswell, S.L. & Eklund, R.C. 2006. Changes in athlete burnout over a thirty-week 
“rugby year”. Journal of Science and Medicine in Sport, vol. 9, no. 1–2, pp. 
125-34.
Cronin, J.B., Hing, R.D. & McNair, P.J. 2004. Reliability and validity of a linear 
position transducer for measuring jump performance. Journal of Strength and 
Conditioning Research, vol. 18, no. 3, pp. 590-93.
Duclos, M. 2008. A critical assessment of hormonal methods used in monitoring 
training status in athletes. International SportMed Journal, vol. 9, no. 2, pp. 
56-66.
Durand-Bush, N. & Salmela, J.H. 2002. The development and maintenance of expert 
athletic performance: Perceptions of world and Olympic champions. Journal 
of Applied Sport Psychology, vol. 14, no. 3, pp. 154-71.
Edwards, S. 1993. High performance training and racing. In: Edwards, S. (ed.) The 
heart rate monitor book. Sacramento, CA: Feet Fleet Press.
Ekegren, C.L., Donaldson, A., Gabbe, B.J. & Finch, C.F. 2014. Implementing injury 
surveillance systems alongside injury prevention programs: evaluation of an 
online surveillance system in a community setting. Injury Epidemiology, vol. 
1, no. 1, pp. e19-e19.
Elbe, A.-M., Rasmussen, C.P., Nielsen, G. & Nordsborg, N.B. 2015. High intensity 
and reduced volume training attenuates stress and recovery levels in elite 
swimmers. European Journal of Sport Science, doi: 
10.1080/17461391.2015.1028466.
42
Literature Review Chapter 2
Fanchini, M., Ghielmetti, R., Coutts, A.J., Schena, F. & Impellizzeri, F.M. 2015. Effect 
of training-session intensity distribution on session rating of perceived exertion 
in soccer players. International Journal of Sport Physiology and Performance,
vol. 10, no. 4, pp. 426-30.
Faude, O., Kellmann, M., Ammann, T., Schnittker, R. & Meyer, T. 2011. Seasonal 
changes in stress indicators in high level football. International Journal of 
Sports Medicine, vol. 32, no. 4, pp. 259-65.
Filaire, E., Ferreira, J.P., Oliveira, M. & Massart, A. 2013. Diurnal patterns of salivary 
alpha-amylase and cortisol secretion in female adolescent tennis players after 
16 weeks of training. Psychoneuroendocrinology, vol. 38, no. 7, pp. 1122-32.
Filaire, E., Rouveix, M. & Duclos, M. 2009. Training and 24-hr urinary catecholamine 
excretion. International Journal of Sports Medicine, vol. 30, no. 1, pp. 33-39.
Flynn, M.G., Pizza, F.X., Boone, J.B., Jr., Andres, F.F., Michaud, T.A. & Rodriguez-
Zayas, J.R. 1994. Indices of training stress during competitive running and 
swimming seasons. International Journal of Sports Medicine, vol. 15, no. 1, 
pp. 21-6.
Foster, C., Florhaug, J., Franklin, J., Gottschall, L., Hrovatin, L., Parker, S., Doleshal, 
P. & Dodge, C. 2001. A new approach to monitoring exercise training. Journal 
of Strength and Conditioning Research, vol. 15, no. 1, pp. 109-15.
Freitas, V.H., Nakamura, F.Y., Miloski, B., Samulski, D. & Bara-Filho, M.G. 2014. 
Sensitivity of physiological and psychological markers to training load 
intensification in volleyball players. Journal of Sports Science and Medicine,
vol. 13, no. 3, pp. 571-79.
Fry, R.W., Morton, A.R. & Keast, D. 1991. Overtraining in athletes. Sports Medicine,
vol. 12, no. 1, pp. 32-65.
Gabriel, H.H., Urhausen, A., Valet, G., Heidelbach, U. & Kindermann, W. 1998. 
Overtraining and immune system: a prospective longitudinal study in 
endurance athletes. Medicine and Science in Sports and Exercise, vol. 30, no. 
7, pp. 1151-57.
Gastin, P.B., Meyer, D. & Robinson, D. 2013. Perceptions of wellness to monitor 
adaptive responses to training and competition in elite Australian football. 
Journal of Strength and Conditioning Research, vol. 27, no. 9, pp. 2518-26.
Gathercole, R., Sporer, B. & Stellingwerff, T. 2015. Countermovement jump 
performance with increased training loads in elite female rugby athletes. 
International Journal of Sports Medicine, doi: 10.1055/s-0035-1547262.
Gleeson, M. & Walsh, N.P. 2012. The BASES expert statement on exercise, immunity, 
and infection. Journal of Sports Sciences, vol. 30, no. 3, pp. 321-24.
González-Boto, R., Salguero, A., Tuero, C., González-Gallego, J. & Márquez, S. 2008. 
Monitoring the effects of training load changes on stress and recovery in 
swimmers. Journal of Physiology and Biochemistry, vol. 64, no. 1, pp. 19-26.
Gould, D. & Dieffenbach, K. 2002. Overtraining, underrecovery, and burnout in sport. 
In: Kellmann, M. (ed.) Enhancing recovery: Preventing underperformance in 
athletes. Champaign, IL: Human Kinetics.
Grove, J.R., Main, L.C., Partridge, K., Bishop, D.J., Russell, S., Shepherdson, A. & 
Ferguson, L. 2014. Training distress and performance readiness: Laboratory 
and field validation of a brief self-report measure. Scandinavian Journal of 
Medicine and Science in Sports, vol. 24, no. 6, pp. e483-90.
Grove, J.R., Main, L.C. & Sharp, L. 2013. Stressors, recovery processes, and 
manifestations of training distress in dance. Journal of Dance Medicine and 
Science, vol. 17, no. 2, pp. 70-78.
43
Literature Review Chapter 2
Grove, J.R. & Prapavessis, H. 1992. Preliminary evidence for the reliability and 
validity of an abbreviated Profile of Mood States. International Journal of 
Sport Psychology, vol. 23, no. 2, pp. 93-109.
Gustafsson, H., Kenttä, G. & Hassmén, P. 2011. Athlete burnout: An integrated model 
and future research directions. International Review of Sport and Exercise 
Psychology, vol. 4, no. 1, pp. 3-24.
Hadjistavropoulos, T. & Craig, K. 2002. A theoretical framework for understanding 
self-report and observational measures of pain: A communications model. 
Behaviour Research and Therapy, vol. 40, no. 5, pp. 551-70.
Halson, S.L. 2014. Monitoring training load to understand fatigue in athletes. Sports 
Medicine, vol. 44, no. S2, pp. 139-47.
Halson, S.L., Bridge, M.W., Meeusen, R., Busschaert, B., Gleeson, M., Jones, D.A. & 
Jeukendrup, A.E. 2002. Time course of performance changes and fatigue 
markers during intensified training in trained cyclists. Journal of Applied 
Physiology, vol. 93, no. 3, pp. 947-56.
Halson, S.L. & Jeukendrup, A.E. 2004. Does overtraining exist?: An analysis of 
overreaching and overtraining research. Sports Medicine, vol. 34, no. 14, pp. 
967-81.
Hanin, Y. & Syrjä, P. 1996. Predicted, actual, and recalled affect in Olympic-level 
soccer players: Idiographic assessments on individualized scales. Journal of 
Sport and Exercise Psychology, vol. 18, pp. 325-35.
Hausswirth, C., Louis, J., Aubry, A., Bonnet, G., Duffield, R. & Le Meur, Y. 2014. 
Evidence of disturbed sleep and increased illness in overreached endurance 
athletes. Medicine and Science in Sports and Exercise, vol. 46, no. 5, pp. 1036-
45.
Hooper, S.L. & Mackinnon, L.T. 1995. Monitoring overtraining in athletes. Sports 
Medicine, vol. 20, no. 5, pp. 321-27.
Hopkins, W.G. 2004. How to interpret changes in an athletic performance test. 
Sportscience, vol. 8, pp. 1-7.
Huta, V. & Ryan, R.M. 2010. Pursuing pleasure or virtue: The differential and 
overlapping well-being benefits of hedonic and eudaimonic motives. Journal 
of Happiness Studies, vol. 11, no. 6, pp. 735-62.
Hynynen, E., Uusitalo, A., Konttinen, N. & Rusko, H. 2008. Cardiac autonomic 
responses to standing up and cognitive task in overtrained athletes. 
International Journal of Sports Medicine, vol. 29, no. 7, pp. 552-58.
Jacobs, I. 1986. Blood lactate: Implications for training and sports performance. Sports 
Medicine, vol. 3, no. 1, pp. 10-25.
Jones, D.A. 1996. High- and low-frequency fatigue revisited. Acta Physiologica 
Scandinavica, vol. 156, no. 3, pp. 265-70.
Jowett, S. & Cramer, D. 2009. The role of romantic relationships on athletes' 
performance and well-being. Journal of Clinical Sport Psychology, vol. 3, no. 
1, pp. 58-72.
Jürimäe, J., Mäestu, J., Purge, P. & et al. 2004a. Changes in stress and recovery after 
heavy training in rowers. Journal of Science and Medicine in Sport, vol. 7, no. 
3, pp. 335-39.
Jürimäe, J., Purge, P., Mäestu, J. & Jürimäe, T. 2004b. Heavy training stress in male 
rowers: Effects on circulatory responses and mood state profiles. Kinesiology,
vol. 36, no. 2, pp. 213-19.
44
Literature Review Chapter 2
Kellmann, M. 2002a. Psychological assessment of underrecovery. In: Kellmann, M. 
(ed.) Enhancing recovery: Preventing underperformance in athletes.
Champaign, IL: Human Kinetics.
Kellmann, M. 2002b. Underrecovery and overtraining: Different concepts-similar 
impact? In: Kellmann, M. (ed.) Enhancing recovery: Preventing 
underperformance in athletes. Champaign, IL: Human Kinetics.
Kellmann, M., Altenburg, D., Lormes, W. & Steinacker, J.M. 2001. Assessing stress 
and recovery during preparation for the World Championships in rowing. Sport 
Psychologist, vol. 15, no. 2, pp. 151-67.
Kellmann, M. & Gunther, K. 2000. Changes in stress and recovery in elite rowers 
during preparation for the Olympic Games. Medicine and Science in Sports
and Exercise, vol. 32, no. 3, pp. 676-83.
Kellmann, M. & Kallus, K. 2001. Recovery-Stress Questionnaire for athletes: User 
manual, Champaign, IL, Human Kinetics.
Kellmann, M., Patrick, T., Botterill, C. & Wilson, C. 2002. The Recovery-Cue and its 
use in applied settings: Practical suggestions regarding assessment and 
monitoring of recovery. In: Kellmann, M. (ed.) Enhancing recovery: 
Preventing underperformance in athletes. Champaign, IL: Human Kinetics.
Kenttä, G. & Hassmén, P. 1998. Overtraining and recovery: A conceptual model. 
Sports Medicine, vol. 26, no. 1, pp. 1-16.
Kenttä, G. & Hassmén, P. 2002. Underrecovery and overtraining: A conceptual model. 
In: Kellmann, M. (ed.) Enhancing recovery: Preventing underperformance in 
athletes. Champaign, IL: Human Kinetics.
Kenttä, G., Hassmén, P. & Raglin, J.S. 2006. Mood state monitoring of training and 
recovery in elite kayakers. European Journal of Sport Science, vol. 6, no. 4, 
pp. 245-53.
Keyes, C.L.M. 1998. Social well-being. Social Psychology Quarterly, vol. 61, no. 2, 
pp. 121-40.
Kölling, S., Hitzschke, B., Holst, T., Ferrauti, A., Meyer, T., Pfeiffer, M., Kellmann, 
M., Foster, C. & Hough, J. 2015. Validity of the Acute Recovery and Stress 
Scale: Training monitoring of the German junior national field hockey team. 
International Journal of Sports Science and Coaching, vol. 10, no. 2-3, pp. 
529-42.
Krane, V. & Williams, J.M. 2006. Psychological characteristics of peak performance. 
In: Williams, J.M. (ed.) Applied sport psychology: Personal growth to peak 
performance. New York, NY: McGraw-Hill.
Lambert, M. & Borresen, J. 2006. A theoretical basis of monitoring fatigue: A practical 
approach for coaches. International Journal of Sports Science and Coaching,
vol. 1, no. 4, pp. 371-88.
Lambert, M., Mbambo, Z. & Gibson, A.S.C. 1998. Heart rate during training and 
competition for long distance running. Journal of Sports Sciences, vol. 16, no. 
S1, pp. 85-90.
Larsson, P. 2003. Global positioning system and sport-specific testing. Sports 
Medicine, vol. 33, no. 15, pp. 1093-101.
Lastella, M., Roach, G.D., Halson, S.L. & Sargent, C. 2015. Sleep/wake behaviours 
of elite athletes from individual and team sports. European Journal of Sport 
Science, vol. 15, no. 2, pp. 94-100.
Laurent, C.M., Green, J.M., Bishop, P.A., Sjokvist, J., Schumacker, R.E., Richardson, 
M.T. & Curtner-Smith, M. 2011. A practical approach to monitoring recovery: 
45
Literature Review Chapter 2
development of a perceived recovery status scale. Journal of Strength and 
Conditioning Research, vol. 25, no. 3, pp. 620-8.
Legros, P. 1993. Le surentraînement: diagnostic des manifestations 
psychocomportementales précoces. Science and Sports, vol. 8, no. 2, pp. 71-
74.
Lehmann, M., Foster, C., Dickhuth, H.-H. & Gastmann, U. 1998. Autonomic 
imbalance hypothesis and overtraining syndrome. Medicine and Science in 
Sports and Exercise, vol. 30, no. 7, pp. 1140-45.
Lonsdale, C., Hodge, K. & Rose, E. 2009. Athlete burnout in elite sport: A self-
determination perspective. Journal of Sports Sciences, vol. 27, no. 8, pp. 785-
95.
Lucia, A., Hoyos, J., Santalla, A., Earnest, C. & Chicharro, J.L. 2003. Tour de France 
versus Vuelta a Espana: which is harder? Medicine and Science in Sports and 
Exercise, vol. 35, no. 5, pp. 872-78.
Lundqvist, C. 2011. Well-being in competitive sports—The feel-good factor? A 
review of conceptual considerations of well-being. International Review of 
Sport and Exercise Psychology, vol. 4, no. 2, pp. 109-27.
Lundqvist, C. & Kenttä, G. 2010. Positive emotions are not simply the absence of the 
negative ones: Development and validation of the Emotional Recovery 
Questionnaire (EmRecQ). Sport Psychologist, vol. 24, pp. 468-88.
Mackinnon, L.T., Hooper, S.L., Jones, S., Gordon, R.D. & Bachmann, A.W. 1997. 
Hormonal, immunological, and hematological responses to intensified training 
in elite swimmers. Medicine and Science in Sports and Exercise, vol. 29, no. 
12, pp. 1637-45.
Mäestu, J., Jürimäe, J., Kreegipuu, K. & Jürimäe, T. 2006. Changes in perceived stress 
and recovery during heavy training in highly trained male rowers. Sport 
Psychologist, vol. 20, no. 1, pp. 24-39.
Main, L. & Grove, J.R. 2009. A multi-component assessment model for monitoring 
training distress among athletes. European Journal of Sport Science, vol. 9, no. 
4, pp. 195-202.
Main, L. & Landers, G. 2012. Overtraining or burnout: A training and psycho-
behavioural case study. International Journal of Sports Science and Coaching,
vol. 7, no. 1, pp. 23-32.
Main, L.C., Warmington, S., Korn, E. & Gastin, P.B. 2015. Utility of the Multi-
component Training Distress Scale to monitor swimmers during periods of 
training overload. Research in Sports Medicine, In press.
Manzi, V., Iellamo, F., Impellizzeri, F., D’Ottavio, S. & Castagna, C. 2009. Relation 
between individualized training impulses and performance in distance runners. 
Medicine and Science in Sports and Exercise, vol. 41, no. 11, pp. 2090-96.
Margaritis, I., Tessier, F., Verdera, F., Bermon, S. & Marconnet, P. 1999. Muscle 
enzyme release does not predict muscle function impairment after triathlon.
Journal of Sports Medicine and Physical Fitness, vol. 39, no. 2, pp. 133-9.
Martin, D.T. & Andersen, M.B. 2000. Heart rate-perceived exertion relationship 
during training and taper. Journal of Sports Medicine and Physical Fitness,
vol. 40, no. 3, pp. 201-08.
Martin, D.T., Andersen, M.B. & Gates, W. 2000. Using Profile of Mood States 
(POMS) to monitor high-intensity training in cyclists: Group versus case 
studies. Sport Psychologist, vol. 14, no. 2, pp. 138-56.
46
Literature Review Chapter 2
Martinent, G. & Decret, J.-C. 2012. Burnout, stress and recovery as predictors of 
performance: a longitudinal study among youth international table tennis 
players. International Journal of Table Tennis Sciences, vol. 7, pp. 78-79.
McGuigan, M.R., Egan, A.D. & Foster, C. 2004. Salivary cortisol responses and 
perceived exertion during high intensity and low intensity bouts of resistance 
exercise. Journal of Sports Science and Medicine, vol. 3, no. 1, pp. 8-15.
Mclean, B., Coutts, A., Kelly, V., Mcguigan, M. & Cormack, S. 2010. Neuromuscular, 
endocrine, and perceptual fatigue responses during different length between-
match microcycles in professional rugby league players. International Journal 
of Sports Physiology and Performance, vol. 5, no. 3, pp. 367-83.
McNair, P., Lorr, M. & Droppleman, L. 1981. POMS manual, San Diego, CA, 
Education and Industrial Testing Service.
Meeusen, R., Duclos, M., Foster, C., Fry, A., Gleeson, M., Nieman, D., Raglin, J., 
Rietjens, G., Steinacker, J. & Urhausen, A. 2013. Prevention, diagnosis and 
treatment of the overtraining syndrome: Joint consensus statement of the 
European College of Sport Science (ECSS) and the American College of 
Sports Medicine (ACSM). European Journal of Sport Science, vol. 13, no. 1, 
pp. 1-24.
Meeusen, R., Nederhof, E., Buyse, L., Roelands, B., de Schutter, G. & Piacentini, M.F. 
2010. Diagnosing overtraining in athletes using the two-bout exercise protocol. 
British Journal of Sports Medicine, vol. 44, no. 9, pp. 642-48.
Meeusen, R., Piacentini, M.F., Busschaert, B., Buyse, L., De Schutter, G. & Stray-
Gundersen, J. 2004. Hormonal responses in athletes: the use of a two bout 
exercise protocol to detect subtle differences in (over)training status. European 
Journal of Applied Physiology, vol. 91, no. 2-3, pp. 140-46.
Mendez-Villanueva, A., Fernandez-Fernandez, J., Bishop, D., Fernandez-Garcia, B. 
& Terrados, N. 2007. Activity patterns, blood lactate concentrations and 
ratings of perceived exertion during a professional singles tennis tournament. 
British Journal of Sports Medicine, vol. 41, no. 5, pp. 296-300.
Milanez, V.F., Ramos, S.P., Okuno, N.M., Boullosa, D.A. & Nakamura, F.Y. 2014. 
Evidence of a non-linear dose-response relationship between training load and 
stress markers in elite female futsal players. Journal of Sports Science and 
Medicine, vol. 13, no. 1, pp. 22-29.
Morales, J., Álamo, J.M., García-Massó, X., López, J.L., Serra-Añó, P. & González, 
L.-M. 2014. Use of heart rate variability in monitoring stress and recovery in 
judo athletes. Journal of Strength and Conditioning Research, vol. 28, no. 7, 
pp. 1896-905.
Morgan, W.P. 1985. Selected psychological factors limiting performance: A mental 
health model. Limits of Human Performance, pp. 70-80.
Morgan, W.P., Brown, D.R., Raglin, J.S., O'Connor, P.J. & Ellickson, K.A. 1987. 
Psychological monitoring of overtraining and staleness. British Journal of 
Sports Medicine, vol. 21, no. 3, pp. 107-14.
Morgan, W.P., Costill, D.L., Flynn, M.G., Raglin, J.S. & O'Connor, P.J. 1988. Mood 
disturbance following increased training in swimmers. Medicine and Science 
in Sports and Exercise, vol. 20, no. 4, pp. 408-14.
Nagle, J.A., McMillan, J.L., Munkasy, B.A., Joyner, A.B., Roorda, A., Scott, M.K. & 
Rossi, S.J. 2015. Changes in swim performance and perceived stress and 
recovery in female collegiate swimmers across a competitive season. Journal 
of Swimming Research, vol. 23, pp. 44-53.
47
Literature Review Chapter 2
Nederhof, E., Lemmink, K., Visscher, C., Meeusen, R. & Mulder, T. 2006. 
Psychomotor speed: Possibly a new marker for overtraining syndrome. Sports 
Medicine, vol. 36, no. 10, pp. 817-28.
Nederhof, E., Lemmink, K., Zwerver, J. & Mulder, T. 2007. The effect of high load 
training on psychomotor speed. International Journal of Sports Medicine, vol. 
28, no. 7, pp. 595-601.
Nederhof, E., Zwerver, J., Brink, M., Meeusen, R. & Lemmink, K. 2008. Different 
diagnostic tools in nonfunctional overreaching. International Journal of Sports 
Medicine, vol. 29, no. 7, pp. 590-97.
Norris, S.R. & Smith, D.J. 2002. Planning, periodization, and sequencing of training 
and competition: The rationale for a competently planned, optimally executed 
training and competition program, supported by a multidisciplinary team. In:
Kellmann, M. (ed.) Enhancing recovery: Preventing underperformance in 
athletes. Champaign, IL: Human Kinetics.
O'Connor, P.J., Morgan, W.P., Raglin, J.S., Barksdale, C.M. & Kalin, N.H. 1989. 
Mood state and salivary cortisol levels following overtraining in female 
swimmers. Psychoneuroendocrinology, vol. 14, no. 4, pp. 303-10.
Palazzetti, S., Margaritis, I. & Guezennec, C.Y. 2005. Swimming and cycling 
overloaded training in triathlon has no effect on running kinematics and 
economy. International Journal of Sports Medicine, vol. 26, no. 3, pp. 193-99.
Petibois, C., Cazorla, G., Poortmans, J.-R. & Déléris, G. 2003. Biochemical aspects of 
overtraining in endurance sports. Sports Medicine, vol. 33, no. 2, pp. 83-94.
Pilgeram, K. & Delwiche, M. 2006. Device for on-the-water measurement of rowing 
output. Sports Engineering, vol. 9, no. 3, pp. 165-74.
Plews, D.J., Laursen, P.B., Stanley, J., Kilding, A.E. & Buchheit, M. 2013. Training 
adaptation and heart rate variability in elite endurance athletes: Opening the 
door to effective monitoring. Sports Medicine, vol. 43, no. 9, pp. 773-81.
Purge, P., Jürimäe, J. & Jürimäe, T. 2006. Hormonal and psychological adaptation in 
elite male rowers during prolonged training. Journal of Sports Sciences, vol. 
24, no. 10, pp. 1075-82.
Pyne, D. 2012. Data collection and analysis. In: Tanner, R. & Gore, C.J. (eds.)
Physiological tests for elite athletes. 2nd ed. Champaign, IL: Human Kinetics.
Pyne, D. & Martin, D.T. 2011. Fatigue: Insights from individual and team sports. In:
Marino, F.E. (ed.) Regulation of fatigue in exercise. New York, NY: Nova 
Science.
Raedeke, T.D. & Smith, A.L. 2001. Development and preliminary validation of an 
athlete burnout measure. Journal of Sport and Exercise Psychology, vol. 23, 
no. 4, pp. 281-306.
Raglin, J.S. 1993. Overtraining and staleness: Psychometric monitoring of endurance 
athletes. In: Singer, R.N., Murphey, M. & Tennant, L.K. (eds.) Handbook of 
research on sport psychology. New York, NY: Macmillan.
Raglin, J.S., Koceja, D.M., Stager, J.M. & Harms, C.A. 1996. Mood, neuromuscular 
function, and performance during training in female swimmers. Medicine and 
Science in Sports and Exercise, vol. 28, no. 3, pp. 372-77.
Raglin, J.S. & Morgan, W.P. 1994. Development of a scale for use in monitoring 
training-induced distress in athletes. International Journal of Sports Medicine,
vol. 15, no. 2, pp. 84-88.
Raglin, J.S., Morgan, W.P. & Luchsinger, A.E. 1990. Mood and self-motivation in 
successful and unsuccessful female rowers. Medicine and Science in Sports 
and Exercise, vol. 22, no. 6, pp. 849-53.
48
Literature Review Chapter 2
Rampinini, E., Alberti, G., Fiorenza, M., Riggio, M., Sassi, R., Borges, T. & Coutts, 
A. 2015. Accuracy of GPS devices for measuring high-intensity running in 
field-based team sports. International Journal of Sports Medicine, vol. 36, no. 
1, pp. 49-53.
Reinboth, M., Duda, J.L. & Ntoumanis, N. 2004. Dimensions of coaching behavior, 
need satisfaction, and the psychological and physical welfare of young athletes. 
Motivation and Emotion, vol. 28, no. 3, pp. 297-313.
Rietjens, G., Kuipers, H., Adam, J., Saris, W., Breda, E.V., Hamont, D.V. & Keizer, 
H. 2005. Physiological, biochemical and psychological markers of strenuous 
training-induced fatigue. International Journal of Sports Medicine, vol. 26, no. 
1, pp. 16-26.
Robertson, R.J. & Noble, B.J. 1997. Perception of physical Exertion: Methods, 
mediators, and applications. Exercise and Sport Sciences Reviews, vol. 25, no. 
1, pp. 407-52.
Robson-Ansley, P.J., Blannin, A. & Gleeson, M. 2007. Elevated plasma interleukin-6
levels in trained male triathletes following an acute period of intense interval 
training. European Journal of Applied Physiology, vol. 99, no. 4, pp. 353-60.
Robson, P.J. 2003. Elucidating the unexplained underperformance syndrome in 
endurance athletes: The interleukin-6 hypothesis. Sports Medicine, vol. 33, no. 
10, pp. 771-81.
Rodríguez-Marroyo, J.A., Villa, G., García-López, J. & Foster, C. 2012. Comparison 
of heart rate and session rating of perceived exertion methods of defining 
exercise load in cyclists. Journal of Strength and Conditioning Research, vol. 
26, no. 8, pp. 2249-57.
Rushall, B.S. 1990. A tool for measuring stress tolerance in elite athletes. Journal of 
Applied Sport Psychology, vol. 2, no. 1, pp. 51-66.
Ryan, R.M. & Deci, E.L. 2000. Self-determination theory and the facilitation of 
intrinsic motivation, social development, and well-being. American 
Psychologist, vol. 55, no. 1, pp. 68.
Ryan, R.M. & Deci, E.L. 2001. On happiness and human potentials: A review of 
research on hedonic and eudaimonic well-being. Annual Review of Psychology,
vol. 52, no. 1, pp. 141-66.
Ryff, C.D. & Keyes, C.L.M. 1995. The structure of psychological well-being revisited. 
Journal of Personality and Social Psychology, vol. 69, no. 4, pp. 719-27.
Sadeh, A. 2011. The role and validity of actigraphy in sleep medicine: an update. Sleep 
Medicine Reviews, vol. 15, no. 4, pp. 259-67.
Samuels, C., James, L., Lawson, D. & Meeuwisse, W. 2015. The Athlete Sleep 
Screening Questionnaire: A new tool for assessing and managing sleep in elite 
athletes. British Journal of Sports Medicine, doi: 10.1136/bjsports-2014-
094332.
Schwarz, N. 1999. Self-reports: How the questions shape the answers. American 
Psychologist, vol. 54, no. 2, pp. 93-105.
Scott, T.J., Black, C.R., Quinn, J. & Coutts, A.J. 2013. Validity and reliability of the 
session-RPE method for quantifying training in Australian football: A 
comparison of the CR10 and CR100 scales. Journal of Strength and 
Conditioning Research, vol. 27, no. 1, pp. 270-76.
Shephard, R.J. 2003. Limits to the measurement of habitual physical activity by 
questionnaires. British Journal of Sports Medicine, vol. 37, no. 3, pp. 197-206.
49
Literature Review Chapter 2
Shephard, R.J., Rhind, S. & Shek, P.N. 1994. Exercise and training: influences on 
cytotoxicity, interleukin-1, interleukin-2 and receptor structures. International 
Journal of Sports Medicine, vol. 15, no. S3, pp. S154-66.
Sinden, J.L. 2010. The normalization of emotion and the disregard of health problems 
in elite amateur sport. Journal of Clinical Sport Psychology, vol. 4, no. 3, pp. 
241-56.
Smith, D.J. 2003. A framework for understanding the training process leading to elite 
performance. Sports Medicine, vol. 33, no. 15, pp. 1103-26.
Smith, L.L. 2000. Cytokine hypothesis of overtraining: a physiological adaptation to 
excessive stress? Medicine and Science in Sports and Exercise, vol. 32, no. 2, 
pp. 317-31.
Snyder, A.C., Jeukendrup, A.E., Hesselink, M.K.C., Kuipers, H. & Foster, C. 1993. A 
physiological/psychological indicator of over-reaching during intensive 
training. International Journal of Sports Medicine, vol. 14, no. 1, pp. 29-32.
Stagno, K.M., Thatcher, R. & van Someren, K.A. 2007. A modified TRIMP to 
quantify the in-season training load of team sport players. Journal of Sports 
Sciences, vol. 25, no. 6, pp. 629-34.
Storey, A.G., Birch, N.P., Fan, V. & Smith, H.K. 2015. Stress responses to short-term 
intensified and reduced training in competitive weightlifters. Scandinavian 
Journal of Medicine and Science in Sports, doi: 10.1111/sms.12400.
Sylta, Ø., Tønnessen, E. & Seiler, S. 2014. Do elite endurance athletes report their 
training accurately? International Journal of Sports Physiology and 
Performance, vol. 9, no. 1, pp. 85-92.
Taylor, K., Chapman, D., Cronin, J., Newton, M. & Gill, N. 2012. Fatigue monitoring 
in high performance sport: A survey of current trends. Journal of Australian 
Strength and Conditioning, vol. 20, no. 1, pp. 12-23.
Tenenbaum, G., Levy-Kolker, L., Bar-Eli, M. & Weinberg, R. 1994. Information recall 
of younger and older skilled athletes: The role of display complexity, 
attentional resources and visual exposure duration. Journal of Sports Sciences,
vol. 12, no. 6, pp. 529-34.
Terry, P., Lane, A. & Fogarty, G. 2003. Construct validity of the Profile of Mood 
States-Adolescents for use with adults. Psychology of Sport and Exercise, vol. 
4, pp. 125-39.
Terry, P.C., Lane, A.M., Lane, H.J. & Keohane, L. 1999. Development and validation 
of a mood measure for adolescents. Journal of Sports Sciences, vol. 17, no. 11, 
pp. 861-72.
Twist, C. & Highton, J. 2013. Monitoring fatigue and recovery in rugby league players. 
International Journal of Sports Physiology and Performance, vol. 8, pp. 467-
74.
Urhausen, A. & Kindermann, W. 2002. Diagnosis of overtraining: what tools do we 
have? Sports Medicine, vol. 32, no. 2, pp. 95-102.
Verde, T., Thomas, S. & Shephard, R.J. 1992. Potential markers of heavy training in 
highly trained distance runners. British Journal of Sports Medicine, vol. 26, no. 
3, pp. 167-75.
Vickery, W.M., Dascombe, B.J., Baker, J.D., Higham, D.G., Spratford, W.A. & 
Duffield, R. 2014. Accuracy and reliability of GPS devices for measurement 
of sports-specific movement patterns related to cricket, tennis, and field-based 
team sports. Journal of Strength and Conditioning Research, vol. 28, no. 6, pp. 
1697-705.
50
Literature Review Chapter 2
Wallace, L.K., Slattery, K.M., Impellizzeri, F.M. & Coutts, A.J. 2014. Establishing the 
criterion validity and reliability of common methods for quantifying training 
load. Journal of Strength and Conditioning Research, vol. 28, no. 8, pp. 2330-
37.
Walsh, M.S., Ford, K.R., Bangen, K.J., Myer, G.D. & Hewett, T.E. 2006. The 
validation of a portable force plate for measuring force-time data during 
jumping and landing tasks. Journal of Strength and Conditioning Research,
vol. 20, no. 4, pp. 730-34.
51
Chapter 3:
Efficacy
Efficacy of subjective measures to reflect the training response:
A systematic review
The content of this chapter is presented as per the published manuscript:
Saw, A.E., Main, L.C., & Gastin, P.B. 2015. Monitoring the athlete training response: 
Subjective self-reported measures trump commonly used objective measures: a
systematic review. British Journal of Sports Medicine, published online 9 September 
2015.
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Abstract
Monitoring athlete wellbeing is essential to guide training and to detect any 
progression towards negative health outcomes and associated poor performance.
Objective (performance, physiological, biochemical) and subjective measures are all 
options for athlete monitoring. We systematically reviewed objective and subjective
measures of athlete wellbeing. Objective measures, including those taken at rest (e.g., 
blood markers, heart rate) and during exercise (e.g., oxygen consumption, heart rate 
response), were compared against subjective measures (e.g., mood, perceived stress). 
All measures were also evaluated for their response to acute and chronic training load. 
The databases Academic search complete, MEDLINE, PsycINFO, SPORTDiscus and
PubMed were searched in May 2014. Fifty-six original studies reported concurrent 
subjective and objective measures of athlete wellbeing. The quality and strength of 
findings of each study were evaluated to determine overall levels of evidence.
Subjective and objective measures of athlete wellbeing generally did not correlate.
Subjective measures reflected acute and chronic training loads with superior 
sensitivity and consistency than objective measures. Subjective wellbeing was 
typically impaired with an acute increase in training load, and also with chronic
training, while an acute decrease in training load improved subjective wellbeing. This 
review provides further support for practitioners to use subjective measures to monitor
changes in athlete wellbeing in response to training. Subjective measures may stand 
alone, or be incorporated into a mixed methods approach to athlete monitoring, as is 
current practice in many sport settings.
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3.1 Introduction
Training imposes stress on an athlete, shifting their physical and psychological 
wellbeing along a continuum that progresses from acute fatigue to overreaching, and 
ultimately overtraining syndrome (Coutts & Cormack 2014; Fry et al. 1991). While 
overreaching may be carefully incorporated into a periodised training plan, 
progression towards overtraining syndrome is undesirable. Athletes should be closely 
monitored to ensure training elicits the desired effects on athlete wellbeing and 
performance (Armstrong & VanHeest 2002; Coutts & Cormack 2014; DiFiori et al. 
2014; Fry et al. 1991; Hooper & Mackinnon 1995; Kenttä & Hassmén 1998; Kuipers 
& Keizer 1988; Meeusen et al. 2013; Smith 2003; Urhausen & Kindermann 2002).
Performance, physiological, biochemical and subjective measures are all options for 
athlete monitoring. There is currently a relatively poor understanding of which 
measures are most appropriate (Coutts & Cormack 2014). Performance is the ultimate 
indicator of physical and psychological wellbeing and the athlete’s readiness to 
compete, yet it is impractical to test athletes daily via performance tests (Currell & 
Jeukendrup 2008).
A considerable body of research has investigated potential physiological mechanisms 
underlying the progression towards overtraining syndrome (Hug et al. 2003; Lehmann 
et al. 1998; Petibois et al. 2003; Robson 2003; Smith 2000). Hormonal, immune, 
inflammatory and haematological parameters along with cardiovascular responses 
have been proposed as markers of these mechanisms, however findings have been 
inconsistent. This has been attributed to factors such as intra- and inter-assay
variability, intra- and inter-individual variability, the influence of circadian and 
pulsatile rhythms, nutrition and hydration status, climate, psychosocial factors and 
particular exercise characteristics (Fry & Kraemer 1997; Hug et al. 2003; Lac & Maso 
2004; Petibois et al. 2003; Urhausen et al. 1995). Whether markers are elevated or 
depressed may also depend upon the position along the athlete wellbeing continuum, 
with proposed physiological mechanisms involving an initial heightened response that 
later becomes exhausted (Lehmann et al. 1998; Petibois et al. 2003; Robson 2003;
Smith 2000).
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While there remains debate on the specific physiological mechanisms underlying the 
progression towards overtraining syndrome, there is agreement that progression is 
associated with psychological signs such as mood disturbances and symptoms similar 
to clinical depression (Armstrong & VanHeest 2002; Morgan et al. 1987). These signs 
and symptoms may be self-reported by athletes as perceived physical and
psychological wellbeing, collectively termed ‘subjective measures’. Subjective 
measures for routine athlete monitoring are also relatively cheap and simple to 
implement compared to objective measures. However, it is unknown whether 
subjective measures accurately reflect changes in athlete wellbeing, and how they can 
be effectively integrated into applied practice (Meeusen et al. 2013).
Therefore, we systematically reviewed whether subjective measures accurately
reflected changes in athlete wellbeing (as objectively measured by performance, 
physiological and biochemical indicators), and whether subjective measures were 
responsive to acute changes in training load, and chronic training.
3.2 Methods
3.2.1 Search strategy
An electronic search was conducted using the Academic search complete, MEDLINE, 
PsycINFO, SPORTDiscus and PubMed databases. The complete search strategy is 
presented in Table 3.1. Databases were searched from the earliest available record up 
to 5 May 2014, with results limited to humans and English language.
3.2.2 Study selection
Results were initially screened by title and abstract against the selection criteria. If it 
was unclear from the title or abstract whether a study met the inclusion criteria, the 
full-text was sought and screened against the selection criteria. The first author (AS) 
screened all articles.
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Table 3.1 Database search strategy.
1. Athlete TI OR SU (*athlete* OR sportspeople OR sportsperson* OR 
sportsm?n OR sportswom?n OR archer* OR “badmington player*” 
OR baseballer* OR “baseball player*” OR basketballer* OR 
“basketball player*” OR bastm?n OR *boarder* OR bobsledder* OR 
*bowler* OR *boxer* OR canoeist* OR cricketer* OR *cyclist* OR 
*dancer* OR footballer* OR “football player*” OR golfer* OR 
gymnast* OR handballer* OR “handball player*” OR “hockey 
player*” OR hurdler* OR jockey* OR kayaker* OR “lacrosse 
player*” OR *marathoner* OR “martial artist*” OR netballer* OR 
“netball player*” OR orienteer* OR sprinter* OR swimmer* OR 
racewalker* OR “race walker*” OR *rider* OR rower* OR *runner* 
OR *sailor* OR “soccer player*” OR *skater* OR *skier* OR 
softballer* OR “softball player*” OR “squash player*” OR 
swimmer* OR “tennis player*” OR volleyballer* OR “volleyball 
player*” OR “water polo player*” OR weightlifter* OR “weight 
lifter*” OR *wrestler*)
2. Subjective 
measure
SU OR AB (self-report* OR “self report” OR diary OR diaries OR 
questionnaire* OR survey* OR scale OR scales OR journal OR 
journals OR inventory OR inventories OR self-evaluation OR “self 
evaluation” OR self-appraisal OR “self appraisal” OR self-
assessment OR “self assessment” OR self-rating OR “self rating” OR 
subjective OR perceive* OR perceptual OR “profile of mood states” 
OR “daily analys?s of life demands for athletes”)
3. Objective 
measure
SU OR AB (blood OR saliva* OR urine OR sweat OR serum OR 
plasma OR biological OR biochemical OR hormon* OR endocrine 
OR inflammat* OR immune OR immunological OR cytokine OR 
haemato* OR physiological OR “heart rate” OR performance OR 
psychomotor OR neuromuscular OR metaboli* OR “oxygen 
consumption” OR VO2* OR threshold OR “sleep actigraph*” OR 
electrocardiogra* OR ECG OR electromyogra* OR EMG OR 
electroencephalogra* OR EEG OR “rate of force development”)
4. Athlete 
wellbeing
SU OR AB (wellbeing OR well-being OR “well being” OR wellness 
OR health OR psychological OR “mental state*” OR “state of mind” 
OR affect OR affective OR affects OR mood* OR emotion* OR 
anxiety OR confidence OR self-esteem OR self-efficacy OR 
motivation OR depression OR stress OR tension OR feeling* OR 
“physical state” OR “physical functioning” OR “perceived recovery” 
OR “perceived strength” OR soreness OR “quality of life” OR 
readiness OR vitality OR vigor OR vigour OR sleepiness OR “sleep 
quality” OR fatigue OR tiredness OR alertness OR distress OR 
“social function” OR appetite OR overtrain* OR overreach*)
1 AND 2 AND 3 AND 4
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Inclusion criteria: 
a) original research; 
b) study population of athlete(s) who were currently in training; 
c) not include a non-training experimental intervention;
d) include a subjective self-report measure of athlete wellbeing with published 
validity and reliability;
e) include an objective measure of athlete wellbeing; and 
f) have subjective and objective measures that coincide in timing, but not 
coincide with competition, and be repeated at intervals reflective of the applied 
setting.
Studies that included a non-training experimental intervention such as nutritional 
supplementation or recovery strategy were excluded as the intervention may have 
confounded findings. Experimental manipulations of training (e.g., overload, taper), 
were included as such manipulations are reflective of normal training periodisation 
and also enable evaluation of the sensitivity of subjective and objective measures to 
changes in training load.
Subjective measures were restricted to established self-report measures with validity 
and reliability reported in the literature to improve the credibility of findings and 
enable comparison between studies. Rating of perceived exertion was not included as 
a subjective measure as it is a measure of perceived exertion to a particular bout of 
exercise rather than a measure of athlete wellbeing.
Competition periods were excluded as they introduce acute perturbations to athlete 
wellbeing that are dependent upon various individual and sport characteristics (Cerin 
et al. 2000). Competitive performances are also influenced by external factors such as 
opponent and weather conditions that could affect athlete wellbeing and performance 
measures. The timing of administration of subjective and objective measures enabled
the detection of concomitant change, while being practical for the applied setting (i.e.,
excludes frequent measures across a day or measures taken during exercise).
3.2.3 Data extraction
The first author extracted data for all included studies using a specifically developed 
spreadsheet. Two authors (AS, PG) independently extracted data from five randomly 
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selected studies. Discrepancies were resolved via adjudication by the third author 
(LM). 
The relative weighting of study findings was determined by the magnitude of stimulus 
experienced by the athletes, and the magnitudes of change noted for subjective and 
objective measures. The magnitude of the stimulus influencing athlete wellbeing was 
rated as normal, moderate or high. Normal training stimuli included an ongoing 
training load without particular phases which may disrupt athlete wellbeing. Moderate 
training stimuli included overload and taper phases, while high training stimuli 
included shock loads not reflective of normal practice that were designed to elicit 
considerable disruption to athlete wellbeing. Changes in subjective and objective 
measures across repeated measurements were noted if the study’s analysis showed 
statistical significance or a meaningful effect size (ES) in a results table and/or text. 
For each measure, the magnitude of change (small (p=0.05, ES =0.6), moderate 
(p<0.05, ES <1.2), large (p<0.01, ES >1.2)), along with the direction of change, was 
noted.
Other data extracted from studies included the age, gender and participation level of 
athletes, sport characteristics, training phase, and measures used. Measures of 
performance capacities were grouped as those measuring sustained performance (e.g.,
time trial, submaximal workload) or short performance (e.g., grip strength, vertical 
jump).
3.2.4 Risk of bias assessment
Studies were assessed for risk of bias to give a weighting to their contribution to the
review. As no suitable published assessment criteria were available, specific criteria 
were developed (Table 3.2). Scores were allocated based on how well each criterion
was met, up to a maximum possible score of 8 (low risk of bias). Studies with a risk 
of bias assessment score of 4 or less were considered poor and their contribution to 
results was weighted as half.
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Table 3.2 Risk of bias assessment criteria.
Criteria Definition Scoring
0 1 2
A Peer-reviewed Study published in peer-reviewed 
journal.
No Yes
B Number of 
participants1
Number of participants included in
study findings.
<5 5-50 >50
C Population defined Age, gender, sport, participation 
level and experience stated.
No Partly Yes
D Training or 
competition load 
described
Training or competition 
undertaken during the study period 
is described.
No Partly Yes
E Response set on 
self-report measure 
described
Response set (e.g., ‘right now’ or 
‘in the past week including today’)
is described.
No Yes
1 Arbitrary cut-offs used to distinguish between case study, single cohort, and larger/multiple cohort study designs.
3.2.5 Data synthesis
Meta-analysis was precluded due to heterogeneity in methods and reporting.
Therefore, data were synthesised descriptively.
To determine the association between changes in subjective and objective measures,
each association from an individual study was rated according to its direction (positive,
negative, no association) and strength as determined from reported correlations (small 
(r<0.3), moderate (r=0.3-0.5), large (r>0.5)) or average magnitudes of change. 
Individual associations were then summed and rated according to the pre-determined 
levels of evidence outlined below (adapted from(Reurink et al. 2014; Van Tulder et al. 
2003).
Strong evidence: consistently identified in two or more studies, and 
greater than or equal to 75% of all contributing findings.
Moderate evidence: consistently identified in two or more studies, 
and greater than 50% of all contributing findings.
Limited evidence: identified in one study, with greater than 50% of 
all contributing findings.
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Conflicting evidence: inconsistency in two or more studies. If half of 
all contributing sources were in agreement, with the other half 
conflicting, a potential direction was indicated.
No evidence: no change in subjective or objective measures.
To determine the responsiveness of each subjective and objective measure to acute and 
chronic training load, the sensitivity and consistency of responses were evaluated. To 
evaluate the sensitivity of responses, the magnitude of change was multiplied by a 
factor weighting for the magnitude of stimulus (normal stimulus ×1, moderate ×0.75,
high ×0.5). In the instance of no change, factor weightings (normal ×1, moderate ×1.5,
high ×2) were applied to reflect a lack of sensitivity. Individual changes were then 
summed to determine typical patterns, with the strength of evidence rated by the 
criteria above.
3.3 Results
3.3.1 Included studies and measures
From an initial 4244 articles retrieved from database searches, 1377 were excluded as 
duplicates. A total of 2803 articles did not meet the inclusion criteria and were 
excluded (Figure 3.1). Of the 64 remaining articles, two shared data with another 
article (Filaire et al. 2002; Filaire et al. 2004b; Halson et al. 2002; Halson et al. 2003)
and so were combined and considered as a single data set in each instance. A further 
six articles (Brink et al. 2012; Brink et al. 2013; Iellamo et al. 2006; Meister et al. 
2013; Nederhof et al. 2007; Schmitt et al. 2013) were excluded as the presentation or 
use of their data precluded interpretation of change across all athletes (e.g., data used 
to retrospectively group athletes as overtrained or control). Finally, 56 studies were 
included in the analysis. Two of these studies were excluded from the responsiveness 
analysis as their primary stimulus was dietary restriction rather than training
(Chennaoui et al. 2009; Chtourou et al. 2011). Characteristics of included articles and 
results of the risk of bias assessment are provided in Table 3.3.
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Figure 3.1 Selection of studies flow chart. Studies excluded for not meeting the 
following criteria: a) original research; b) study population of athlete(s); c) no non-
training intervention; d) include a subjective measure; e) include an objective measure; 
and f) appropriate timing of measures.
Duplicates removed
n=1377
Articles screened by title and abstract
n=2867
Full text articles screened
n=126
Records excluded (n=62):
By criteria: a) 2, b) 0, c) 1, d) 32, e) 
4, f) 17
Full text N/A (n=6)
Full text articles meeting inclusion 
criteria
n=64
Records excluded (n=2741):
By criteria: a) 394, b) 226, c) 324, d) 
1242, e) 379, f) 174
Total records retrieved from database 
search
n=4244
Records excluded (n=8):
Duplicate data (n=2)
Data precluding interpretation (n=6)
Full text articles included in 
systematic review
n=56
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The most common subjective measures of athlete wellbeing were the Profile of Mood 
States (POMS) (McNair et al. 1981) (including derivatives of the POMS (Terry et al. 
1999)), Recovery Stress Questionnaire for Athletes (RESTQ-Sport) (Kellmann & 
Kallus 2001) and Daily Analyses of Life Demands of Athletes (DALDA) (Rushall 
1990). Other measures included the overtraining questionnaire of the Société Française 
de Médecine du Sport (SFMS) (Legros 1993), State-Trait Anxiety Inventory (STAI)
(Spielberger et al. 1970), Perceived Stress Scale (PSS) (Cohen et al. 1983), Multi-
Component Training Distress Scale (MTDS) (Main & Grove 2009), Competitive State 
Anxiety Inventory-2 (CSAI-2) (Martens et al. 1990), Derogatis Symptom Checklist 
(DSC) (Derogatis 1977), State-Trait Personality Inventory (STPI) (Spielberger et al. 
1979), and a mood questionnaire by Choi and Salmon (1995) (Mood).
3.3.2 Associations between subjective and objective measures of athlete wellbeing
There was moderate evidence for a negative association between stress and cortisol 
(Table 3.4.1), and a positive association between vigour and leukocytes (Table 3.4.2). 
There was moderate evidence for a positive association between four RESTQ-Sport
stress subscales and creatine kinase (CK), yet evidence was conflicting for total stress 
(Table 3.4.2). There was limited evidence of any association between subjective 
measures and markers of inflammation (Table 3.4.3). Between the POMS and maximal 
oxygen consumption (VO2max), there was strong evidence for a positive association 
with the vigour subscale, and moderate evidence for a negative association with the 
fatigue subscale, which was also reflected by strong evidence for a negative 
association with total mood disturbance (Table 3.4.4). There was strong evidence for 
a negative association between symptoms of stress (measured by DALDA) and 
sustained performance (Table 3.4.4).
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Table 3.3 Risk of bias assessment, participant and study characteristics of included studies. 
Study Risk of bias criteria Participant characteristics Study protocol 
 A B C D E Total n(total)
n
(male)
n
(female) Age Level Sport Load 
Duration
(weeks)
Subjective
measure 
Objective
measure 
Berger et al. (1999)  1 1 2 2 1 7 8 8 0 Youngadult Elite Ind Acute (E) 6 POMS 
Physiol, 
Perf
Bosquet et al. (2001)  1 1 2 2 0 6 10 10 0 Adult Region Ind Acute (E) 6 SFMS Physiol, Perf
Bresciani et al. (2010)  1 1 2 2 1 7 14 14 0 Youngadult
Sub-
elite Team
Chronic
(O) 40 
POMS,
RESTQ-
Sport 
Bio (B) 
Burrows et al. (2002)  1 1 2 1 0 5 20 0 20 Mixed Region Ind Chronic(O) 12 Mood Bio (S) 
Chennaoui et al. (2009)  1 1 1 1 0 4 8 ? ? Adult ? Ind Ramadan(O) 6 POMS Bio (B) 
Chtourou et al.(2011)  1 1 1 1 0 4 20 20 0 Adolescent Region Team Ramadan(O) 4 POMS Perf 
Coutts & Reaburn (2008)  1 1 1 2 1 6 20 20 0 Adult Prof Team Acute (E) 7 RESTQ-Sport Perf
Coutts et al. (2007a)  1 1 2 2 1 7 16 16 0 Adult Sub-elite Ind Acute (E) 6 DALDA 
Physiol, 
Perf
Coutts et al. (2007b)  1 1 2 2 1 7 16 16 0 Adult Sub-elite Ind Acute (E) 6 
RESTQ-
Sport 
Bio (B), 
Perf
Dodson (2007)  0 1 1 0 1 3 10 ? ? Youngadult Region Ind 
Chronic
(O) 12 
RESTQ-
Sport Bio (S) 
Elloumi et al. (2008)  1 1 1 1 0 4 20 20 0 Adult Prof Team Chronic(O) 14 SFMS 
Bio (S), 
Perf
Faude et al. (2011)  1 1 1 2 1 6 15 ? ? Youngadult Prof Team
Chronic
(O) 44 
RESTQ-
Sport Perf
Table 3.3 cont.
Study A B C D E Total n(total)
n
(male)
n
(female) Age Level Sport Load 
Duration
(weeks)
Subjective
measure 
Objective
measure 
Filaire et al. (2001)  1 1 1 1 1 5 17 17 0 Adult Prof Team Chronic(O) 32 POMS 
Bio (S), 
Perf
Filaire et al. (2009)  1 1 1 2 1 6 7 0 7 Adolescent Sub-elite Ind
Chronic
(O) 28 
RESTQ-
Sport 
Bio (U), 
Perf
Filaire et al. (2013)  1 1 2 2 1 7 12 0 12 Adolescent Sub-elite Ind
Chronic
(O) 16 
RESTQ-
Sport Bio (S) 
Filaire et al. (2002, 2004b)  1 1 1 2 1 6 12 12 0 Youngadult
Sub-
elite Ind Acute (O) 32 
POMS,
SFMS Bio (S,U) 
Filaire et al. (2004a)  1 1 1 2 1 6 12 0 12 Adolescent Sub-elite Ind
Chronic
(O) 20 POMS Bio (S) 
Garatachea et al. (2011)  1 1 1 2 1 6 8 5 3 Adolescent Elite Ind Chronic(O) 42 
POMS,
RESTQ-
Sport 
Bio (B) 
Gleeson et al. (1999)  1 1 1 2 0 5 26 15 11 Youngadult Elite Ind 
Chronic
(O) 28 STAI Bio (S) 
González-Bono et al. (2002)  1 1 1 2 1 6 20 20 0 Youngadult Prof Team
Chronic
(O) 16 POMS Bio (B) 
Halson et al. (2002, 2003)  1 1 1 2 0 5 8 8 0 Adult Region Ind Acute (E) 6 POMS,DALDA 
Bio (B,S), 
Perf
Hooper et al. (1998)  1 1 1 2 1 6 27 12 15 Mixed Region Ind Acute (E) 6 POMS Perf 
Jones et al. (2010)  1 2 1 2 0 6 75 0 75 Youngadult Region Team
Chronic
(O) 14 POMS Perf 
Jürimäe et al. (2002)  1 1 1 2 1 6 10 10 0 Adolescent Sub-elite Team Acute (E) 1 
RESTQ-
Sport 
Bio (B), 
Perf
Table 3.3 cont.
Study A B C D E Total n(total)
n
(male)
n
(female) Age Level Sport Load 
Duration
(weeks)
Subjective
measure 
Objective
measure 
Jürimäe et al. (2004)  1 1 1 2 1 6 21 21 0 Youngadult
Sub-
elite Team Acute (E) 1 
RESTQ-
Sport 
Bio (B), 
Perf
Kellmann et al. (2001)  1 2 1 2 1 7 54 30 24 Adolescent Elite Team Acute (O) 6 
POMS,
RESTQ-
Sport 
Bio (B), 
Perf
Kenttä et al. (2006)  1 1 1 2 1 6 11 6 5 Youngadult Elite Team Acute (O) 3 POMS Perf 
Koutedakis et al. (1990)  1 1 1 1 1 5 12 ? ? Adult Elite Ind Acute (E) 5 POMS Perf 
Kumae et al. (2013)  1 1 1 0 0 3 19 19 0 Youngadult Elite Ind 
Chronic
(O) 24 POMS Bio (B) 
Lamberts et al. (2010)  1 0 1 2 1 5 1 ? ? Adult Elite Ind Chronic(O) 10 DALDA Perf 
Leti & Bricout (2013)  1 1 1 1 0 4 10 10 0 Masters Trained Ind Chronic(O) 12 
POMS,
SFMS Physiol 
Liederbach et al. (1992)  1 1 2 2 1 7 12 6 6 Adult Prof Ind Chronic(O) 5 POMS Bio (U) 
Mäestu et al. (2006)  1 1 1 2 1 6 12 12 0 Youngadult Elite Team
Chronic
(O) 6
RESTQ-
Sport 
Bio (B), 
Perf
Main et al. (2010)  1 1 2 2 0 6 8 8 0 Adult Elite Team Chronic(O) 8 MTDS 
Bio (B), 
Perf
Main et al. (2009)  1 1 1 2 0 5 8 4 4 Youngadult
Sub-
elite Team
Chronic + 
acute (O) 8 PSS Bio (B) 
Martin et al. (2000)  1 1 1 2 1 6 11 11 0 Youngadult Region Ind Acute (E) 10 POMS 
Bio (B), 
Perf
Table 3.3 cont.
Study A B C D E Total n(total)
n
(male)
n
(female) Age Level Sport Load 
Duration
(weeks)
Subjective
measure 
Objective
measure 
Milanez et al. (2014)  1 1 2 2 0 6 13 0 13 Youngadult Prof Team
Chronic
(O) 5 DALDA Bio (S) 
Murphy et al. (1990)  1 1 1 2 0 5 15 8 7 Adult Elite Ind Acute (E) 10 
POMS,
CSAI-2,
DSC, STPI
Perf
O'Connor et al. (1989)  1 1 0 1 1 4 14 0 14 Youngadult Region Ind Acute (O) 22 POMS Bio (S) 
O'Connor et al. (1991a)  1 1 1 2 1 6 40 22 18 Youngadult Region Ind Acute (O) 4 POMS 
Bio (S), 
Perf
O'Connor et al. (1991b)  1 1 1 2 1 6 40 22 18 Youngadult Region Ind Acute (E) 1 POMS 
Bio (S), 
Perf
Papacosta et al. (2013)  1 1 2 2 0 6 11 11 0 Youngadult Region Ind Acute (E) 5 POMS 
Bio (S), 
Perf
Purge et al. (2006)  1 1 2 2 1 7 11 11 0 Youngadult Elite Team
Chronic + 
acute (O) 24 
RESTQ-
Sport 
Bio (B), 
Perf
Raglin et al. (1996)  1 1 1 1 1 5 12 0 12 Youngadult Region Ind 
Chronic
(O) 16 POMS Perf 
Rama et al. (2010)  1 1 1 1 0 4 13 13 0 Youngadult Elite Ind 
Chronic
(O) 7 POMS 
Bio (B,S), 
Physiol 
Robson-Ansley et al. (2007)  1 1 1 1 0 4 8 8 0 Adult Region Ind Acute (E) 4 DALDA Bio (B,S) 
Rollo et al. (2014)  1 1 1 1 1 5 30 30 0 Youngadult
Sub-
elite Team
Chronic
(O) 6
RESTQ-
Sport Perf
Rouveix et al. (2006)  1 1 2 2 1 7 7 0 7 Adolescent Elite Ind Chronic(O) 28 POMS 
Bio (U), 
Perf
Table 3.3 cont.
Study A B C D E Total n(total)
n
(male)
n
(female) Age Level Sport Load 
Duration
(weeks)
Subjective
measure 
Objective
measure 
Santhiago et al. (2011)  1 1 2 2 0 6 10 0 10 Youngadult Elite Ind 
Chronic + 
acute (O) 14 POMS 
Bio (B), 
Perf
Schultz de Arruda et al. 
(2013)  1 1 1 0 1 4 12 0 12 Adult Elite Team
Chronic
(O) 6 POMS Bio (S) 
Silva et al. (2008)  1 1 1 2 0 5 15 15 0 Adult Prof Team Chronic(O) 12 POMS 
Bio (B), 
Perf
Umeda et al. (2008)  1 1 1 2 0 5 13 0 13 Youngadult Region Ind Acute (O) 1 POMS Bio (B) 
Verde et al. (1992)  1 1 1 2 0 5 10 10 0 Adult Region Ind Acute (E) 9 POMS Bio (B), Perf
Wallace et al. (2014)  1 1 0 1 1 4 7 ? ? Adult Trained Ind Chronic(O) 15 POMS 
Physiol, 
Perf
Wittig et al. (1992)  1 1 1 1 0 4 10 10 0 Adult Region Ind Acute (E) 8 POMS Perf 
Wood et al. (2005)  1 0 1 2 1 5 1 1 0 Adult Region Ind Chronic(O) 12 POMS Perf 
Abbreviations: professionals (Prof), individual (Ind), observational study (O), experimental study (E), biochemical (Bio) from blood (B), saliva (S), or urine (U), physiological (Physiol), and 
performance (Perf). 
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Table 3.4.1 Evidence of associations between subjective and objective measures.
Endocrine
C T T:
C
E/
N
E
Pr
o
G
H
A
C
TH
LH D
op
IG
F-
1
POMS Total mood disturbance xx xxx xxx xx x x x
Tension xxx xx xx xxx x x x -
Depression xx xx xx xxx x x - -
Anger xx xx xxx ? xxx x - -
Confusion xx ?x xx xxx x x x -
Vigour ? xx ?x ? - - x -
Fatigue xx xx xxx xx x x x x
RESTQ-
Sport
Recovery-Stress Index xxx xxx x x x - x
Stress ĻĻ x x x x x x
General stress xx x - ? - -
Emotional stress xxx x - ? - -
Social stress xxx x - ? - -
Conflicts/Pressure ? x - ? - -
Fatigue ? Ļ - Ĺ - -
Lack of energy ?x xxx x x x x
Physical complaints xxx ? x xxx x x
Injury xxx Ļ x x x x
Emotional exhaustion xxx x - ? - -
Disturbed breaks xx x - ? - -
Recovery ?x ? x x x x x
Social recovery ? Ĺ - ? - -
Physical recovery xx xxx x x x x
General wellbeing xx xxx x x x x
Sleep quality xxx Ĺ - ? - -
Success xx Ĺ - ? - -
Being in shape xxx ? x x x x
Personal accomplishment xx x - ? - -
Self-efficacy xxx Ļ - ? - -
Self-regulation ? x - ? - -
SFMS Overtraining score ? ? ? x
DALDA Sources of stress - - -
Symptoms of stress x x x
n 24 11 8 7 3 1 1 1 1 1
$VVRFLDWLRQVUDWHGDVSRVLWLYHĹQHJDWLYHĻQRWDVVRFLDWHG[FRQIOLFWLQJILQGLQJV"QRFKDQJH-). Three 
symbols indicates strong evidence, two symbols for moderate evidence, and one symbol for limited evidence. 
Shading highlights strong (dark grey) and moderate (light grey) associations. n refers to number of contributing 
studies. Abbreviations for objective measures: cortisol (C), testosterone (T), epinephrine and norepinephrine 
(E/NE), prolactin (Pro), growth hormone (GH), adrenocorticotropic hormone (ACTH), luteinising hormone (LH), 
dopamine (Dop), insulin-like growth factor-1 (IGF-1). 
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Table 3.4.2 Evidence of associations between subjective and objective measures.
Erythrocytes Inflammation & muscle damage
R
B
C
H
ct
H
b
C
R
P
O
x.
 st
re
ss
G
SH
:G
SS
G
U
re
a
C
re
at
in
in
e
C
K
POMS Total mood disturbance - - - x ? x x x xx
Tension - - - x ? x x x -
Depression - - ? x ? x - x ?
Anger ? ? xxx - ? ? - x ?
Confusion - - ? x ? x xx x -
Vigour x x ? Ĺ xxx Ļ xxx Ĺ ?
Fatigue - - ? xxx ? x xxx Ĺ ?
RESTQ-
Sport
Recovery-Stress Index - ? ? x - x Ļ x ?x
Stress - ? ? x - x Ĺ x ?
General stress - - ? x - x x - ĹĹ
Emotional stress - - ? x - x x - ĹĹ
Social stress x ? xxx Ĺ x Ļ x - "Ĺ
Conflicts/Pressure - - ? x - x x - ?
Fatigue - - ? x - x x - ĹĹ
Lack of energy - ? ? x - x Ĺ x ?x
Physical complaints - ? ? x - x Ĺ x "Ĺ
Injury ? ?x ? Ĺ x Ĺ Ĺ x "Ĺ
Emotional exhaustion - - ? x - x x - ĹĹ
Disturbed breaks - - ? x - x x - ?
Recovery - ? ? x - x Ļ x ?
Social recovery - - ? x - x x - xx
Physical recovery - ? ? x - x Ļ x "Ļ
General wellbeing - ? ? x - x Ļ x "Ļ
Sleep quality - - ? x - x x - ?
Success - - ? x - x x - xx
Being in shape x xxx ?x Ĺ x Ļ Ļ x "Ļ
Personal accomplishment - - ? x - x x - xx
Self-efficacy - - ? x - x x - ?
Self-regulation ? - xxx ? x ? x - xxx
DALDA Sources of stress - x
Symptoms of stress x Ĺ
n 2 3 4 3 2 2 4 2 10
Erythrocytes (RBC), haematocrit (Hct), haemoglobin (Hb), C-reactive protein (CRP), oxidative stress (Ox. stress), 
reduced-oxidised glutathione ratio (GSH:GSSG), creatine kinase (CK).
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Table 3.4.3 Evidence of associations between subjective and objective measures.
Immune
Le
uk
Ig
A
Ig
G
IL
-1
B
IL
-6
IL
-8
IL
-1
0
IL
-1
2p
70
TN
F-
Į
Į-a
m
yl
as
e
POMS Total mood disturbance xxx ? xxx
Tension xxx ? x x
Depression xxx ? x x
Anger xx ? x x
Confusion xxx ? x x
Vigour ĹĹ ? ? x
Fatigue xx ? ? Ĺ
RESTQ-
Sport
Recovery-Stress Index xxx
Stress xxx Ļ
General stress xxx Ļ
Emotional stress xxx x
Social stress ? x
Conflicts/Pressure xxx Ļ
Fatigue xxx Ļ
Lack of energy xxx Ļ
Physical complaints xxx x
Injury xxx x
Emotional exhaustion xxx x
Disturbed breaks xxx x
Recovery xxx Ĺ
Social recovery xxx x
Physical recovery xxx Ĺ
General wellbeing xxx Ĺ
Sleep quality xxx x
Success xxx Ĺ
Being in shape xxx Ĺ
Personal accomplishment xxx x
Self-efficacy xxx x
Self-regulation ? Ĺ
SFMS Overtraining score
DALDA Sources of stress - - x
Symptoms of stress x x Ĺ
STAI State anxiety x
PSS x Ĺ x x x Ĺ
MTDS Total score x x x x x x
Depressed mood Ĺ Ĺ x Ļ x Ĺ
Perceived vigour x Ļ x Ĺ x Ļ
Physical symptoms x Ļ x Ĺ x x
Sleep disturbance Ļ Ĺ x Ļ x Ĺ
Perceived stress Ĺ x Ĺ x Ĺ
General fatigue x Ĺ x Ļ Ĺ Ĺ
Mood All subscales -
n 6 7 2 2 4 2 2 2 2 1
Leukocytes (Leuk.), immunoglobulin-A (IgA), immunoglobulin-G (IgG), Interleukins (IL-), tumor necrosis factor 
alpha (TNF-Į
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Table 3.4.4 Evidence of associations between subjective and objective measures.
Physiological and performance
La
 su
bm
ax
La
 m
ax
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ax
H
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 re
c
B
P 
re
st
V
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2
su
bm
ax
V
O
2
m
ax
Su
st
ai
ne
d
Sh
or
t
POMS Total mood 
disturbance - x x Ĺ xx ? x xxx ĻĻĻ ? xx
Tension x x Ļ x xxx Ļ x x ? xx ?
Depression - - Ļ x xx x x - xxx xx ?
Anger - - Ļ x xx x x - xxx xx xx
Confusion x x Ļ x xxx Ļ x x ? ? xx
Vigour x xxx x x xx ? x xxx ĹĹĹ ? xxx
Fatigue x xxx ?x Ĺ xx ? x xxx ĻĻ ? xx
RESTQ-
Sport
Recovery-Stress 
Index - - xx xxx
Stress x x - xxx xx
General stress x x xxx Ĺ
Emotional stress x x xxx Ĺ
Social stress x x xxx Ĺ
Conflicts/Pressure x x xxx ?
Fatigue - - ? xxx
Lack of energy x x xx ?
Physical complaints x x xx Ĺ
Injury x x xx ?
Emotional 
exhaustion x x xxx Ĺ
Disturbed breaks x x xxx ?
Recovery x x - xxx xx
Social recovery x x ĹĹ x
Physical recovery - - ?x xxx
General wellbeing x x xx ?
Sleep quality x x xx ?
Success - - xx xxx
Being in shape - - ? xxx
Personal 
accomplishment x x xxx Ļ
Self-efficacy x x ?x ?
Self-regulation x x xxx ?
SFMS Overtraining score Ļ Ļ Ĺ Ļ Ļ x
DALDA Sources of stress - - - - x x - x xxx x
Symptoms of stress xxx xxx x xxx ? Ĺ x Ļ ĻĻĻ Ļ
CSAI-2 Cognitive anxiety - x x
Somatic anxiety x x x
Self-confidence x x x
MTDS Total score Ĺ
DSC - x x
STPI Anxiety x x x
Anger - x x
n 3 6 4 2 9 7 1 1 4 5 29 16
Blood lactate (La), heart rate (HR), heart rate variability (HRV), blood pressure (BP), oxygen consumption (VO2).
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3.3.3 Responsiveness of subjective and objective measures to training
Within studies (i.e., under the same conditions), subjective measures were more 
sensitive and consistent than objective measures in 22 of the 54 studies. Objective 
measures were generally unresponsive to acute changes in training load, with moderate 
evidence of a typical response in three measures (CK, short and sustained 
performance) to both increased and decreased training (Table 3.5). With ongoing 
training, there was moderate to strong evidence of responsiveness for five objective 
measures, including impairment of epinephrine/norepinephrine and leukocytes (Table 
3.5).
Subjective measures were more responsive to training than objective measures. There 
was moderate to strong evidence of impaired wellbeing with an acute increase in 
training load for 13 subjective measures (Table 3.6). There was moderate to strong 
evidence of improved wellbeing with an acute increase in training load for 17 
subjective measures (Table 3.6). There was moderate to strong evidence of impaired 
wellbeing with ongoing training for 13 subjective measures (Table 3.6). Six of the 
RESTQ-Sport measures (stress, fatigue, recovery, physical recovery, general 
wellbeing, being in shape) demonstrated moderate to strong evidence of 
responsiveness to all three of the training load conditions. Consolidation of subjective 
measures into a total score typically resulted in reduced sensitivity, with one in five 
studies reporting both subscale and total scores noting a change in only the subscale 
score(s).
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Table 3.5 Typical patterns of objective measures to acute increases and decreases in 
training load, and chronic training.
Training load Acute Chronic
Increased Decreased Ongoing n
Endocrine C --- ? ? 23
T -- ? ? 10
T:C --- --- -- 8
E/NE --- --- ĻĻĻ 6
Prolactin - - - 2
GH - - 1
ACTH - - 1
LH - 1
Dopamine - - 1
IGF-1 0
Erythrocytes RBC --- 2
Hct - - --- 3
Hb ĻĻĻ Ĺ --- 4
Immune Leuk. -- -- ĻĻĻ 6
IgA --- --- ĹĹ 7
IgG ? - 2
IL-ȕ - --- 2
IL-6 ? --- 3
IL-8 - --- 2
IL-10 Ĺ Ļ 2
IL-12p70 Ļ Ĺ 2
TNF-Į Ĺ Ļ 2
Į-amylase Ĺ 1
Inflammation &
muscle damage
CRP Ļ 2
Oxidative stress ? 2
GSH:GSSG Ļ 2
Urea - - - 3
Creatinine - - Ļ 2
CK ĻĻ ĹĹ --- 10
Physiological La submax -- -- 3
La max --- --- --- 6
HRrest - ?- --- 4
HRV "Ĺ 2
HRsubmax --- -- --- 9
HRmax -- -- --- 7
HRrecovery Ĺ 1
BPrest - 1
VO2 submax --- --- Ļ 4
VO2 max - ĹĹ --- 5
Performance Sustained ĻĻ ĹĹ ĹĹ 28
Short ĻĻ ĹĹ ĹĹ 25
Typical patterns rated as improve (Ĺ), decline (Ļ), conflicting findings (?), or no change (-). Three symbols indicates 
strong evidence, two symbols for moderate evidence, and one symbol for limited evidence. Shading highlights 
strong (dark grey) and moderate (light grey) associations. Abbreviations for objective measures: cortisol (C), 
testosterone (T), epinephrine and norepinephrine (E/NE), growth hormone (GH), adrenocorticotropic hormone 
(ACTH), luteinising hormone (LH), insulin-like growth factor-1 (IGF-1), erythrocytes (RBC), Haematocrit (Hct), 
haemoglobin (Hb), leukocytes (Leuk.), immunoglobulin-A (IgA), immunoglobulin-G (IgG), interleukins (IL-), 
tumor necrosis factor alpha (TNF-Į), C-reactive protein (CRP), reduced-oxidised glutathione ratio (GSH:GSSG), 
creatine kinase (CK), blood lactate (La), heart rate (HR), heart rate variability (HRV), blood pressure (BP), oxygen 
consumption (VO2). n refers to number of contributing studies.
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Table 3.6 Typical patterns of subjective measures to acute increases and decreases in 
training load, and chronic training.
Training load Acute Chronic
Increased Decreased Ongoing n
POMS Total mood disturbance ĻĻ ĹĹĹ ? 27
Tension ? ĹĹ -- 27
Depression ?- -- -- 28
Anger ? ĹĹ ? 28
Confusion -- -- --- 27
Vigour ĻĻĻ ĹĹ ? 29
Fatigue ĻĻĻ ĹĹĹ ? 30
RESTQ-Sport Recovery-Stress Index ĻĻ ĹĹĹ Ļ 7
Stress ĻĻ ĹĹĹ ĻĻ 10
General stress -- ĹĹ ĻĻĻ 11
Emotional stress -- ? -- 11
Social stress -- ĹĹ ĻĻ 11
Conflicts/Pressure --- --- ĻĻĻ 11
Fatigue ĻĻĻ ĹĹ ĻĻ 11
Lack of energy --- -- ĻĻĻ 11
Physical complaints ĻĻ ĹĹ -- 11
Injury ĻĻ ĹĹĹ ?- 11
Emotional exhaustion -- -- -- 11
Disturbed breaks --- -- -- 11
Recovery ĻĻ ĹĹ ĻĻ 10
Social recovery -- --- --- 11
Physical recovery ĻĻ ĹĹĹ ĻĻ 11
General wellbeing ĻĻ ĹĹĹ ĻĻĻ 11
Sleep quality --- -- -- 11
Success --- --- ĻĻ 11
Being in shape ĻĻĻ ĹĹĹ ĻĻ 11
Personal accomplishment --- --- ĻĻ 11
Self-efficacy -- -- -- 11
Self-regulation --- --- ĻĻĻ 11
SFMS Overtraining score Ļ Ĺ -- 4
DALDA Sources of stress --- --- - 4
Symptoms of stress ĻĻĻ ĹĹĹ Ļ 5
STAI State anxiety - 1
CSAI-2 Cognitive anxiety - 1
Somatic anxiety ? 1
Self-confidence ? 1
PSS ? Ĺ 1
MTDS Total score Ļ 1
All subscales 0
DSC - 1
STPI Anxiety ? 1
Anger - 1
Mood All subscales - 1
Typical patterns rated as improve (Ĺ), decline (Ļ), conflicting findings (?), or no change (-). Three symbols 
indicates strong evidence, two symbols for moderate evidence, and one symbol for limited evidence. Shading 
highlights strong (dark grey) and moderate (light grey) associations. n refers to number of contributing studies.
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3.4 Discussion
This systematic review evaluated the ability of individual subjective measures, 
assessed by self-report measures, to reflect changes in athlete wellbeing. The findings 
provide support for subjective measures to reflect acute and chronic training-related 
changes in athlete wellbeing. In particular, measures of mood disturbance (e.g., 
POMS), perceived stress and recovery (e.g., RESTQ-Sport), and symptoms of stress 
(e.g., DALDA) were widely investigated and appear to be useful for athlete 
monitoring.
3.4.1 Subjective measures are responsive to acute and chronic training load
Subjective measures consistently identified impaired wellbeing with acute increases 
in training load (Berger et al. 1999; Bosquet et al. 2001; Coutts & Reaburn 2008;
Coutts et al. 2007a; Coutts et al. 2007b; Halson et al. 2002; Jürimäe et al. 2004; Jürimäe 
et al. 2002; Kellmann et al. 2001; Mäestu et al. 2006; Main et al. 2009; Martin et al. 
2000; O'Connor et al. 1991b; Robson-Ansley et al. 2007; Umeda et al. 2008; Verde et 
al. 1992), and improved wellbeing with an acute reduction in training load (Berger et 
al. 1999; Coutts & Reaburn 2008; Coutts et al. 2007a; Coutts et al. 2007b; Halson et 
al. 2002; Hooper et al. 1998; Kellmann et al. 2001; Koutedakis et al. 1990; Mäestu et 
al. 2006; Main et al. 2009; Martin et al. 2000; O'Connor et al. 1991a; O'Connor et al. 
1989; Raglin et al. 1996; Robson-Ansley et al. 2007; Verde et al. 1992). This extends 
previous narrative reviews of overtraining markers that suggested subjective measures 
change in a dose-response manner to training load (Hooper & Mackinnon 1995;
Meeusen et al. 2013; Urhausen & Kindermann 2002). The ability of subjective 
measures to reflect both acute increases and decreases in training indicates that the 
measures are indeed responsive to training load (Kazdin 1974).
Subjective measures also identified impaired wellbeing in response to chronic training
load (Dodson 2007; Elloumi et al. 2008; Faude et al. 2011; Filaire et al. 2001; Filaire 
et al. 2013; Filaire et al. 2009; Kumae et al. 2013; Liederbach et al. 1992; O'Connor et 
al. 1989; Raglin et al. 1996; Rama et al. 2010; Rouveix et al. 2006). This is particularly 
important for ongoing monitoring because progression towards overtraining syndrome
may be gradual and less easily identified than in situations of acute overload (Meeusen 
et al. 2013). However, it is important to note that this finding does not take into account 
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the different scenarios across studies, or the influence of non-training stressors on 
athlete wellbeing. Consequently, the tendency for wellbeing to be impaired with 
ongoing training should be interpreted cautiously as there was no way to discern where 
athletes may have been placed on the athlete wellbeing continuum.
3.4.2 A case for subjective measures having some advantages over objective 
measures
Subjective measures, particularly measures of mood disturbance, perceived stress and 
recovery, and symptoms of stress, responded with superior sensitivity and consistency 
compared to objective measures. Within studies (i.e., under the same conditions), 
sensitivity, consistency, and/or timing differed in 46% of studies and 85% of these
favoured subjective measures. Superior responsiveness of subjective measures over 
objective measures has been noted previously in experimental overload (Coutts et al. 
2007b; Verde et al. 1992) and observational (Hooper et al. 1995) studies.
We found moderate evidence that creatine kinase increases and decreases with acute 
training load. Subjective wellbeing typically has the opposite response to acute loads,
however only four subjective measures of stress (general stress, emotional stress, 
fatigue, emotional exhaustion) were moderately associated with creatine kinase. The 
lack of an association between creatine kinase and subjective measures may be 
explained by the different responses of these measures to chronic training. We found 
that creatine kinase was unresponsive to chronic training, likely due to minimal muscle 
damage induced by accustomed training (Brancaccio et al. 2007). Chronic responses 
in the instance of overtraining are also inconsistent, questioning the utility of creatine 
kinase to monitor athlete wellbeing (Hooper & Mackinnon 1995; Urhausen & 
Kindermann 2002).
We found moderate evidence that a reduction in acute training load was associated 
with an improvement in VO2max. The noted positive association between VO2max 
and subjective wellbeing may indicate that subjective measures reflect an athlete’s 
ability to perform a sustained, maximal effort. Alternatively, subjective measures may 
reflect an athlete’s psychological readiness to perform, with psychological state known 
to influence performance (Jokela & Hanin 1999). Impaired VO2max may also be 
attributable to reduced exercise time during the test rather than a decrement in 
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physiological function (Halson & Jeukendrup 2004; Meeusen et al. 2013). Notably, a 
similar association with sustained performance was not found.
While a lack of responsiveness is a limitation of objective measures for monitoring 
athlete wellbeing, their utility lies in measuring certain constructs which are related to 
athlete wellbeing, but do not necessarily reflect an athlete’s position on the continuum. 
For instance, objective measures quantify physiological and performance capacities 
(e.g., VO2max, lactate threshold) which may be used to guide training prescription,
and laboratory tests can detect medical conditions (e.g., recurrent infection (Reid et al. 
2004), iron deficiency (Burden et al. 2014)).
Athlete monitoring is not limited to either subjective or objective measures, instead 
they can be used to complement each other. Combining both types of measures is 
common in applied settings, as evident by the large number of studies included in this 
review and a recent survey of high performance sports (Taylor et al. 2012). This is also 
consistent with recent recommendations (Coutts & Cormack 2014; Halson 2014).
3.4.3 Use of subjective measures in practice
The potential efficacy of subjective measures for athlete monitoring has been 
established, however optimal implementation practices are yet to be determined. 
Implementation practices affect how well athlete wellbeing is reflected, and whether 
the data can be used in a meaningful way (Saw et al. 2015). The differing practices 
among the included studies lends to discussion regarding the particular self-report 
measure used to assess subjective wellbeing, the response set and rating scales, and 
the timing and frequency of administration.
Self-report measures may be characterised by: a) whether or not they are specifically 
designed for athletes, b) if they evaluate single or multiple constructs, and c) whether 
the constructs are based on stressors, or resulting symptoms. It has been suggested that 
athlete-specific measures evaluating multiple constructs may better reflect 
performance capacities (Grove et al. 2014). Broader measures may also cater to the 
differing circumstances and responses of individuals, capturing both training and non-
training stressors and their systemic influence on subjective wellbeing (Meeusen et al. 
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2013).Therefore, on balance, the RESTQ-Sport (Kellmann & Kallus 2001) and MTDS
(Main & Grove 2009) are more promising self-report measures.
We found that the RESTQ-Sport was the only investigated self-report measure to be 
responsive to both acute and chronic training load. One stress (fatigue) and three 
recovery (physical recovery, general wellbeing, being in shape) subscales responded 
to both acute and chronic training. Interestingly, while a larger number of subscales 
were less responsive or unresponsive, the overall stress and recovery scores were 
shown to be responsive across training conditions. This is in contrast to the observation 
that consolidation of subscales into a total score typically reduced sensitivity. 
Nevertheless, the non-uniform responsiveness of subscales within a measure illustrates 
the need to consider subscales on an individual basis.
The MTDS is a more recently developed and hence less widely investigated self-report 
measure. The strength of the MTDS over the RESTQ-Sport is the inclusion of mood 
disturbance, stress, and behavioural symptom subscales with a smaller number of 
items (22 compared to 76 for the RESTQ-Sport). Breadth and a small number of items 
is a key consideration to sustain use of self-report measures in practice (Gastin et al. 
2013). These two issues are often the reason that sports programs tend to incorporate 
elements of established measures into their own brief custom self-report measure 
rather than adopting an existing measure from the literature (Taylor et al. 2012).
Implications of this review for practice should therefore be for sports programs to 
consider which independent subscales may offer greater utility for monitoring athlete 
wellbeing.
To monitor acute changes in athlete wellbeing, the following subscales may be useful: 
vigour/motivation, physical complaints/injury, non-training stress, fatigue, physical 
recovery, general health/wellbeing, and being in shape. These subscales provide the 
practitioner with insight into the athlete’s ability to perform training that day, so may 
be useful for guiding adjustments to prescribed training on an individual basis. These
subscales are consistent with previous recommendations (Fry et al. 1991; Hooper & 
Mackinnon 1995; Kuipers & Keizer 1988). Previous recommendations have also 
included irritability, sleep, willingness to train, enjoyment of training and how training 
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felt, which correspond to symptoms of stress as recorded by the DALDA (Rushall 
1990); which may also be useful for monitoring acute wellbeing.
For ongoing monitoring, utility was demonstrated in five of the subscales which 
responded acutely (non-training stress, fatigue, physical recovery, general 
health/wellbeing, being in shape). Three other subscales (conflicts/pressure, self-
regulation, lack of energy) also presented utility for monitoring chronic wellbeing,
however it is unclear whether their inclusion would offer any additional benefit beyond 
the previously mentioned subscales.
Importantly, we also identified subscales that were unresponsive (e.g., depression, 
confusion, emotional stress, social recovery, sleep quality, self-efficacy). These may 
not be useful for monitoring athlete wellbeing. There appeared to be no value in 
quantifying non-training stressors, instead it is their effect on athlete wellbeing that is 
most meaningful. Interestingly, the depression subscale (POMS) was unresponsive 
despite depression being a symptom of overtraining syndrome (Armstrong & 
VanHeest 2002; Morgan et al. 1987). This may be attributable to different patterns of 
mood disturbance between overreached and overtrained athletes, with depression only 
increasing in overtraining syndrome (Raglin & Morgan 1994). Therefore, the inclusion 
of this subscale may be valuable if an athlete were to progress to overtraining 
syndrome.
The response sets used by reviewed studies typically utilised the standard 
questionnaire response set (e.g., POMS ‘in the past week’, RESTQ-Sport ‘in the past 
3 days/nights’), which assessed a relatively transient state of acute wellbeing. This was 
the case regardless of time between measurements. Capturing transient wellbeing is 
important, particularly during acute changes in training load (Meeusen et al. 2013), as 
relevant changes may be diluted or compromised by recall error if athletes are asked 
to summarise a period too long in the past (Shiffman 2000). Typically subjective 
measures utilise Likert scales (e.g., never (0) to always (6) as in the RESTQ-Sport), 
yet their use in the applied setting requires repeated measurement to establish an 
individual’s baseline from which changes can be determined. This may be avoided by 
having athletes compare their current wellbeing to normal (i.e., worse than normal, 
normal, better than normal) as in the DALDA.
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With regard to the timing and frequency of administration, consideration must be given 
to minimising the burden upon athletes, while obtaining meaningful data that can be 
acted upon if required. Of the reviewed studies, changes in response to acute training 
loads were typically detected under monitoring on a daily to weekly basis, whereas 
changes in response to ongoing training were typically monitored at intervals of one 
month or more, either at regular intervals or coinciding with transitions between 
training phases. In practice, frequent monitoring is needed to enable acute adjustments 
to training as required. Consequently, previous recommendations for daily monitoring 
using a measure self-administered by the athlete remain appropriate (Armstrong & 
VanHeest 2002; Botterill & Wilson 2002; Fry et al. 1991; Gastin et al. 2013; Hooper 
& Mackinnon 1995; Kellmann et al. 2002; Kenttä & Hassmén 1998; Kuipers & Keizer 
1988; Meeusen et al. 2013). This may be supplemented with a more comprehensive 
measure such as the POMS or RESTQ-Sport on a weekly basis (Botterill & Wilson 
2002; Fry et al. 1991; Hooper & Mackinnon 1995), and objective measures on a less-
frequent basis such as once per training microcycle (Fry et al. 1991; Halson & 
Jeukendrup 2004; Hooper & Mackinnon 1995).
3.4.4 Limitations and strengths
We included studies with concurrent subjective and objective measure which allowed 
us to compare the relative responsiveness of subjective and objective measures as they 
were exposed to the same study conditions. Within the methods of included studies, 
differing sampling frequencies and response sets is an inherent limitation of this 
review. Also, while subjective and objective measures had to be concurrent, in most 
cases athletes were responding retrospectively on a subjective measure (e.g., ‘in the 
past week’) while the objective measure was of their present wellbeing. Theoretically 
these timeframe inconsistencies may have reduced the associations between these two 
types of measures, and affected the conclusions drawn in this review, but in practice 
this seems unlikely to explain our overall findings.
An additional limitation when interpreting and comparing study findings is the 
dependence upon the statistical methods used in each study. Most studies used 
traditional methods (p-values), however this may have increased the risk of type II 
error, particularly given small participant numbers (Batterham & Hopkins 2006).
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Some studies may have been underpowered to detect change which would lead us to 
under-estimate the strength of evidence in our review. Meta-analysis may help to 
address this limitation in the future. The presentation of group responses may have 
discounted potentially relevant individual responses. On the other hand, findings may 
have been overestimated as a result of selective reporting by included studies
(publication bias) when there was a lack of change in subjective subscales or objective 
markers.
3.5 Summary 
Subjective wellbeing responded consistently to stress imposed by training, 
deteriorating with increased and chronic training, and improving with reduced 
training. There was negligible evidence for an association between subjective and 
objective measures. This was likely due to superior responsiveness of subjective 
measures over objective measures. Given that subjective measures reflect changes in 
athlete wellbeing and provide a practical method for athlete monitoring, coaches and 
support staff may employ self-report measures with confidence.
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Chapter 4:
Process
Process of self-report measure use in elite, supported sport settings
The content of this chapter is presented as per the published manuscript:
Saw, A.E., Main, L.C., & Gastin, P.B. 2015. Role of a self-report measure in athlete 
preparation. Journal of Strength and Conditioning Research, vol. 29, no. 3, pp. 685-
691.
90
Process Chapter 4
Abstract
Athlete self-report measures (ASRM) are a common and cost-effective method of 
athlete monitoring. It is purported that ASRM be used to detect athletes at risk of 
overtraining, injury or illness, allowing intervention through training modification. 
However, it is not known whether ASRM are actually being used for or are achieving 
these objectives in the applied sport setting. Therefore, the aim of this study was to 
better understand how ASRM are being used in elite sports and their role in athletic 
preparation. Semi-structured interviews were conducted one-on-one with athletes, 
coaches and sports science and medicine staff (n=30) at a national sporting institute. 
Interview recordings were transcribed and analysed for emergent themes. Twelve day-
to-day and seven longer-term practices were identified which contributed to a four-
step process of ASRM use (record data, review data, contextualise, act). In addition to 
the purported uses, ASRM facilitated information disclosure and communication 
amongst athletes and staff and between staff, and improved the understanding and 
management of athlete preparation. These roles of ASRM are best achieved through 
engagement of athletes, coaches and support staff in the systematic, cyclic process.
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4.1 Introduction
Athlete monitoring involves systematically recording and evaluating athletic 
preparation. A recent survey identified that 91% of high performance sports employed 
some form of athlete monitoring, with athlete self-report measures (ASRM) used most 
commonly and frequently (Taylor et al. 2012). Athlete self-report measures assess an 
athlete’s subjective well-being and are favoured for their relatively low cost and 
practical advantages over more traditional physiological and performance measures. 
However, to date there is a lack of research to characterise, or guide, how ASRM are 
actually used in the applied sports setting.
In research settings, ASRM are typically used to evaluate the impact of an acute 
training phase or intervention on athlete well-being. As a result, ASRM have been 
demonstrated to be sensitive, reliable and practical measures of athlete wellbeing (for 
reviews see (Meeusen et al. 2013; Urhausen & Kindermann 2002). Given the 
difference between top placings at elite competitions have been estimated to be 0.3-
3% in various sports (Jeukendrup & Martin 2001; Pyne et al. 2004; Smith & Hopkins 
2011), and the negative consequences to performance associated with interrupted 
training in the event of an injury or illness (Mujika & Padilla 2000), the ability to 
closely monitor athlete wellbeing is appealing.
It is often purported in the literature that ASRM be implemented in the applied setting 
to enable the early detection of athletes at risk of non-functional overreaching, 
overtraining or staleness (e.g., Brink et al. 2012; Coutts et al. 2007; Kellmann 2010;
Morgan et al. 1988). There is also empirical support for ASRM to identify athletes at 
risk of injury (Andersen & Williams 1999; Galambos et al. 2005) and illness (Zorrilla 
et al. 2001). For early detection and intervention, ASRM must be completed by athletes 
on a routine and ongoing basis and data must be promptly interpreted and used to guide 
adjustments to practices. There are limited examples of such use of ASRM in the 
literature.
Research conducted in the applied setting has alluded to ASRM being used to adjust 
training during an acute overload period (Raglin 1993), competition period (King et 
al. 2010) or over the course of a season (Gastin et al. 2013). However, only one of 
these studies has detailed how this actually occurred (Berglund & Safstrom 1994). This 
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study established individual baselines on ASRM during the off-season, then 
implemented weekly monitoring during the season to identify elite canoeists who were 
at risk of becoming stale (more than 50% increase in mood disturbance with fatigue 
greater than vigour) and those who were insufficiently stressed (less than 10% increase 
in mood disturbance), and adjusted training load accordingly.
Beyond these examples, the purpose for or the process of ASRM use in the applied 
sport setting is unknown. Therefore, the aim of this study was to better understand how 
ASRM are being used in elite sports and their role in athletic preparation.
4.2 Methods1
4.2.1 Experimental approach to the problem
As there is little prior knowledge in this area, a qualitative interview-based design was 
used. To ensure scientific rigour, techniques and guidelines for developing grounded 
theory were followed (Corbin & Strauss 2008). Unlike other forms of enquiry which 
seek to test a hypothesis, a grounded theory approach allows novel and unexpected 
themes to emerge from the perspectives of insiders (Corbin & Strauss 2008). A 
national sporting institute was selected for data collection due to the elite level of
athletes, diversity in sports, athlete experience and access to experienced coaches and 
multidisciplinary support staff. A stratified purposeful sample of athletes, coaches and 
sports science and medicine staff (SSMS) was sought, with recruitment continuing 
throughout the data collection period until no new information arose from further 
interviews.
4.2.2 Subjects
Ethics approval was granted by both the university and national sporting institute 
human research ethics committees. Written informed consent was obtained from 
subjects following full written and verbal explanation of the study and the opportunity 
to clarify any concerns. Subjects were 8 athletes, 7 coaches and 15 SSMS at a national 
sporting institute. The subjects represented 20 different sports programs including 10
international-level individual sports (rowing, swimming, track and field, tennis, 
1 The same participant cohort and interviews were used to answer the distinct research questions in 
Chapters 4 and 5. Only the applicable interview questions are outlined in each chapter.
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sailing, road cycling, track cycling, mountain biking, winter sports, boxing), 4
international-level team sports (women’s water polo, women’s football, rugby union, 
rugby league), and 6 elite youth team sports (men’s football, men’s and women’s 
basketball, hockey, netball, Australian football).
Athletes (aged 23.8 ± 3.9 years) had been at the national sporting institute for between 
3 months to 10 years (4.9 ± 3.7 years). Staff had been at the national sporting institute 
for between 6 months and 24 years (6.4 ± 6.4 years) and had been working with 
athletes for 4 to 27 years (12.2 ± 6.9 years). Fourteen staff had additional experience 
in amateur sports, 9 had experience in professional sports and 10 had experience in 
international sports settings. Thirteen staff also had experience as an athlete at a sub-
elite or elite level. Further subject characteristics are outlined in Table 4.1.
Subjects had a range of experience with ASRM of both duration (3 months-15 years; 
4.8 ± 3.4 years) and measures used. Subjects were currently using various in-house or 
customised commercial measures. These measures took a multidisciplinary approach, 
briefly assessing an athlete’s subjective well-being alongside behaviours such as 
training, recovery and nutrition. For the purposes of this research, the particular 
characteristics of the ASRM used (e.g., questions, format) were less relevant, rather 
the purpose and nature of their use in athlete preparation was important.
4.2.3 Procedures
A semi-structured interview schedule was developed with open-ended questions to 
allow novel insights to emerge. Interviews were conducted one-on-one by the first 
author at the national sporting institute and lasted approximately 20 minutes. The 
interview commenced with simple questions regarding the interviewee to both make 
them feel comfortable and also provide background information on what experiences 
may influence their responses. Subjects were then interviewed on their views and 
current practices related to ASRM use (Table 4.2). The same questions were used for 
all participants, with some interchanges of wording such as ‘you’ for athletes and ‘the 
athletes you work with’ for coaches and staff as necessary. Interviewees were 
prompted for further information or asked to explain or elaborate on points raised 
where appropriate. The interviews were audio recorded and supplemented with brief 
hand-written notes.
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Table 4.1 Subject characteristics.
Subject Gender Role Position Sport(s)
1 : A01 Male Athlete Team (Y)
2 : A02 Male Athlete Team (Y)
3 : A03 Male Athlete Team (Y)
4 : A04 Male Athlete Individual
5 : A05 Female Athlete Team (I)
6 : A06 Female Athlete Team (I)
7 : A07 Female Athlete Team (I)
8 : A08 Female Athlete Team (I)
9 : C01 Male Coach S&C Coach Team (I)
10 : C02 Male Coach S&C Coach Mixed
11 : C03 Male Coach Coach Individual
12 : C04 Male Coach Coach Team (I)
13 : C05 Male Coach Coach Team (I)
14 : C06 Male Coach Coach Individual
15 : C07 Female Coach Coach Team (Y)
16 : S01 Male SSMS Physiologist Team (Y)
17 : S02 Male SSMS Recovery physiologist Mixed
18 : S03 Male SSMS Physiologist Individual
19 : S04 Female SSMS Recovery physiologist Individual
20 : S05 Male SSMS Physiotherapist Individual
21 : S06 Male SSMS Recovery physiologist Mixed
22 : S07 Male SSMS Physiotherapist Team (Y)
23 : S08 Male SSMS Physiotherapist Mixed
24 : S09 Male SSMS Physiotherapist Team (Y)
25 : S10 Male SSMS Physiologist Individual
26 : S11 Female SSMS Psychologist Mixed
27 : S12 Female SSMS Physiotherapist Team (I)
28 : S13 Male SSMS Physiologist Mixed
29 : S14 Male SSMS Physiotherapist Individual
30 : S15 Male SSMS Physiologist Individual
SSMS = Sports science and medicine staff; S&C = Strength and Conditioning. Sports categorised as international-
level individual (Individual) or team (Team (I)) sports, or elite youth team sports (Team (Y)). Staff working with 
multiple sports with different categorisation are reported as ‘Mixed’.
95
Process Chapter 4
Table 4.2 Interview schedule.
1. What are the reasons you use an ASRM?
2. What do you see as the benefits of completing an ASRM?
3. What do you see as the negatives of completing an ASRM?
4. How do you complete the ASRM?
5. How accurate are you with your reporting?
6. Consider the behaviours recorded on an ASRM. Have you noticed any changes in 
your behaviours since starting to use an ASRM?
7. Who looks at what you enter in the ASRM?
8. Please talk me through the actions that take place if something of concern was to 
appear on your ASRM.
9. Other comments and suggestions for improvement.
4.2.4 Statistical analyses
Audio recordings and notes were labelled with a subject code with names recorded 
separately. Subject codes consisted of a letter representing the interviewee’s role 
(A=athlete, C=coach, S=SSMS) and numeric identifier. The first author transcribed all 
interviews verbatim from the audio recordings and re-checked them for accuracy. 
Complete text files of transcripts were imported into NVivo qualitative data analysis 
software (QSR International Pty Ltd. Version 10.0, 2012) for coding and data 
management.
The techniques of grounded theory were used to systematically develop an overarching 
theory whilst minimising the potential for researcher bias (Corbin & Strauss 2008).
The approach involved identifying informative sections of text (meaning units) which 
were then coded to nodes, with nodes continually evolving as analysis progressed. 
Nodes were then grouped into lower and higher-order themes. This process was 
triangulated amongst all authors, with several revisions of the thematic structure made 
until all authors were in agreement.
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Table 4.3 Thematic structure of the practices involved in athlete self-report measure use.
Higher-order themes Lower-order themes Time frame
Number of interviewees Total 
meaning 
units
Athlete
n=8
Coach
n=7
SSMS
n=15
Record data Record practices D-D 0 5 8 20
Athlete provision of additional information D-D 3 4 9 21
Indication of an athlete’s current state D-D 1 5 9 34
Record keeping L-T 0 0 4 13
Review data Review of data D-D 0 7 15 47
Red flag identification D-D 2 3 13 34
Athlete response patterns L-T 4 1 8 20
Athlete education and awareness L-T 4 5 12 45
Contextualise Context of knowing athlete D-D 0 5 4 12
Initiate communication between staff and athlete D-D 8 7 14 82
Initiate communication between staff D-D 6 7 15 109
Build knowledge L-T 1 3 12 35
Act Feedback to the athlete D-D 6 4 13 73
Feedback to the coach D-D 0 5 6 18
Training prescription and modification D-D 7 3 13 52
Referral D-D 2 2 7 15
Training and program planning L-T 1 1 9 14
Athlete self-management L-T 7 6 9 34
Prevent undesired outcomes L-T 0 2 9 17
The number of interviewees contributing to each lower-order theme are presented, along with total number of meaning units. SSMS = Sports science and medicine staff; D-D = day-to-day practice; 
L-T = longer-term practice.
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4.3 Results
Analysis of the transcripts revealed 695 meaning units which related to the role of 
ASRM. The grouping of meaning units revealed 12 day-to-day and seven longer-term 
practices (Table 4.3), each contributing to a four-step process of ASRM use (record
data, review data, contextualise, and act) (Figure 4.1).
Figure 4.1 The four-step process of using a self-report measure in athlete preparation.
4.3.1 Record data
Record practices
Athletes recorded details of their training and related practices such as sleep, nutrition 
and recovery. Training details included duration and a rating of perceived exertion 
(RPE) which enabled training across different modalities to be combined to calculate 
an overall training load. Such information enabled staff to identify whether or not 
athletes were achieving the desired training stress and preparing as intended.
Athlete provision of additional information
Athletes used a free comments area to explain any unusual responses and alert staff to 
work or life events which may be affecting their preparation. Staff described such 
comments as “enlightening” and, in some cases, “a cry for help”, with athletes raising 
personal issues which they may not have been comfortable raising in person.
Record data
Review data
Contextualise
Act
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Indication of an athlete’s current state
To supplement the information deemed on training and non-training loads experienced 
by an athlete, subjective well-being measures were used to indicate how well an athlete 
was “coping” with the load. This indication was used to determine whether an 
appropriate training stimulus and adaptive response was occurring.
Record keeping
Longer-term record keeping was a fundamental use of ASRM, yet was only mentioned 
by four SSMS. Two key rationales for ASRM being used for record keeping were 
mentioned. Firstly, record keeping was said to be an obligation, particularly in regards 
to being accountable for funding. Secondly, records provide superior accuracy over 
memories which are prone to bias, enabling the past to be reviewed.
4.3.2 Review data
Review of data
Coaches described how initially they would oversee the incoming ASRM data on a 
daily basis, however this drifted to every few days or weekly. Reasons given were the 
time burden and reliance upon SSMS to notify them of any concern which may arise. 
For SSMS, the frequency of overseeing the data ranged from daily to infrequently, 
depending on the relevance to their role and athlete compliance. Situations such as 
training camps, competition or athletes of particular concern would prompt a higher 
frequency of reviewing the data by both the coach and SSMS.
Red flag identification
It was intended that ASRM would act as an “early alert system”, identifying potential 
issues and enabling a more “proactive rather than reactive” approach. Monitoring 
software enabled automated alerts to be programmed and sent to staff, however the 
criteria for what constituted a red flag was arbitrary and varied.
Athlete response patterns
Consistent, longitudinal data collection over a full training phase or more was intended 
to reveal athlete response patterns or “trends”. From these patterns, staff could “get a 
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feel for acute and chronic responses of athletes” (S02) and review circumstances 
associated with an undesired outcome, with the ultimate goal of determining what 
loads an athlete could and could not handle. A couple of examples were provided 
where staff had noted patterns in data, such as an acute peak in training load preceding 
injury, however they acknowledged the flaws and lack of scientific rigour in this 
approach.
Athlete education and awareness
Through use of an ASRM, athletes were more aware of the many factors outside of 
training which influence their performance and allowed them to be “more in tune with 
themselves”. There were also instances of injured athletes gaining a better 
understanding of their capacities and limitations. Some drawbacks observed included 
the tendency to “over-swing or under-swing” with a heightened awareness or 
downplaying of potential issues respectively, or athletes responding out of habit rather 
than reflecting on their true current state.
4.3.3 Contextualise
Context of knowing athlete
There remained an element of ‘art’ to interpreting an athlete’s data based upon what 
staff knew about an athlete. For instance, knowledge of personal circumstances and 
personality traits would be taken into account when determining the accuracy and 
significance of unusual responses.
Initiate communication between staff and athlete
As one of the most commonly cited practices of ASRM use, communication between 
the staff and athlete took several forms. Staff viewed unusual responses or comments 
as “an invitation to start a conversation” with an athlete to find out more information. 
Advantages of this approach were that athletes were made aware that someone was 
looking at and cared about the data they were entering in their ASRM, and that staff 
could approach conversations in a more targeted and efficient manner. Targeted 
conversations were particularly useful for staff with large squads, or who had less 
contact with the athletes, where regular individual conversations were impractical. By 
comparison, staff who would spend prolonged time with athletes, such as at recovery 
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or physical therapy sessions, mentioned looking at the athlete’s ASRM prior to their 
attendance and using the information as a conversation starter. In addition to face-to-
face communication, conversations were also initiated by phone calls, e-mail and 
mobile text messages.
Initiate communication between staff
The initiation of communication and coordination amongst coaches and SSMS was 
the most commonly cited practice of ASRM use. The multidisciplinary ASRM were 
said to keep all staff “on the same page” in regards to the different aspects of athletic 
preparation. It was suggested that this “should increase the amount of coordinated 
communication between different therapists, coaches, athletes and service providers 
as they’ve got a commonality or something to talk about, a reason to be 
communicative” (C06). However, the level of communication was said to be “very 
individual with the support staff…and who is willing to be forthcoming and open and 
collaborative across disciplines” (C01). Nevertheless, both informal and formal 
communications were facilitated amongst staff to draw upon different areas of 
expertise, other data and observations, and ultimately agree upon “an action plan”. A 
key staff member or coach was generally needed to control inputs and convey a unified 
message to the athlete.
Build knowledge
Identification of possible relationships between ASRM variables, other variables (e.g.,
training) and outcomes (e.g., performance, injury) improved understanding of athletic
preparation. However, attempts to utilise such data in applied research were 
unsuccessful due to a lack of data integrity.
4.3.4 Act
Feedback to the athlete
Without feedback, ASRM were described as “faceless” or a “black hole” where 
athletes would see no return for their effort. Often athletes would only receive feedback 
if their data was concerning, leaving other athletes responding well to lose interest in 
the measure. It was commented that feedback needs to be in real-time, not lagging by 
a few weeks, and provide added value of interpretation rather than just re-presenting 
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the data. Yet for staff, “it takes a lot of time and effort to give [athletes] meaningful 
feedback” (S03). Hence instead of written reports, the simplest and most effective 
form of feedback was through conversations.
Feedback to the coach
As for athletes, feedback to coaches was said to be essential for them to see value in 
ASRM. Feedback was required in a timely manner and easy to interpret format. As 
one coach commented: “I don’t feel that I’m quite qualified enough to read [the raw 
data]” (C07) and so interpretation by SSMS was necessary.
Training prescription and modification
Training prescription was said to be fine-tuned in response to ASRM data with “day-
to-day manipulation of their training loads based on how they’re doing…stressing 
them as much as we can without putting them over the edge” (S15). Similarly, it was 
intended to avert undesired outcomes as “hopefully there’s early indicators…[so] we 
can lighten back on the load and freshen them up a bit and hopefully keep the athletes 
injury free and get as many training days out of them as possible” (C05). However,
one caveat of this approach was the potential for athletes to manipulate the process
through inaccurate responses in their ASRM.
Referral
Another common approach to managing athlete wellbeing was targeted referral to the 
appropriate support staff. Common examples for referral were the detection of poor 
habits such as sleep and nutrition, unfavourable psychological states and soreness 
which may compromise both athlete well-being and performance if not addressed. 
Referral would either occur through suggestion to the athlete to seek assistance, or via 
direct contact from the relevant staff.
Training and program planning
Subsequent to an improved understanding of athletic preparation, informed 
modifications were said to be made to training loads, periodisation plans and event 
scheduling. Specific examples given included revising the program schedule to reduce 
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the stress experienced by athletes and identifying an optimal training load for 
performance and reduced risk of injury.
Athlete self-management
An increased sense of accountability and consequently improved self-management 
behaviours were suggested to result from ASRM use. However, six athletes denied 
this was the case, and one SSMS thought such a process was “too linear” as it relies 
upon the athlete knowing what and how to respond. Nevertheless, six staff provided 
specific examples of one or more of their athletes improving their self-management in 
response to their ASRM such as taking the initiative to seek further information and 
assistance from staff; forming better habits; and being “less likely to sit on pain and 
injury”. Another example was an athlete who was using their ASRM to help them 
“leave no stone unturned” towards their Olympic goal.
Prevent undesired outcomes
An ultimate objective of ASRM use was to prevent undesired outcomes such as injury, 
illness, overtraining and poor performance. One SSMS was confident that ASRM was 
achieving this objective in their sport, whilst another gave an example of how an 
ASRM had helped get an athlete “back on track pretty quickly". Other interviewees 
saw such potential, however accompanied their comments with words such as 
“hoping”, “ideal” and “ultimately”. One coach and one SSMS expressed opposing 
views, emphasising that preventing undesired outcomes was a common misconception 
but was not the reason for ASRM use. Instead they felt that an ASRM was like “an 
insurance package” to improve understanding and management when undesired 
outcomes inevitably occur.
4.4 Discussion
The findings of this study affirm the purported role of ASRM in the applied setting, 
namely identifying undesired athlete responses and intervening as necessary. In 
addition to these, further day-to-day and longer-term practices were identified 
including the facilitation of communication, athlete self-management and better 
understanding of athletic preparation. Collectively, each practice contributed to a four-
103
Process Chapter 4
step cyclical process of recording, reviewing, contextualising and acting on data 
(Figure 4.1).
If athletes and sports programs are to invest in ASRM, each of the four steps must be 
well implemented to ensure the purported benefits are achieved. The steps of recording 
and reviewing data are susceptible to the inherent limitations of self-report such as 
measurement error and conscious bias (Baldwin 2000). Consequently, ASRM data
was used as an indicator of athlete wellbeing, directing staff to seek further contextual 
information. As a result, the overwhelming role of an ASRM in athletic preparation 
was the facilitation of communication between all parties.
The nature of self-report removes personal and locational barriers to communication, 
encouraging greater disclosure of potentially relevant information to staff. Such 
disclosure has been quantified amongst professional athletes who reported 96% of 
illness to an online measure compared to only 19% reported to staff in-person 
(Cunniffe et al. 2009). Disclosure through additional comments on an ASRM was 
particularly valued by all parties, a finding previously identified amongst coaches 
(Roos et al. 2013). The initiation of targeted conversations in response to ASRM data 
provided an efficient and purposeful approach to address a particular concern. 
Increased conversations between the athlete and coach may improve the athlete-coach 
relationship which has been shown to have psychological (Jowett & Cockerill 2003)
and performance (Gould et al. 1999) benefits for the athlete. Amongst staff, the ASRM 
facilitated discussions to broaden the insight and expertise used to determine the best 
approach for the management of athletes.
Athlete management may be improved as a result of ASRM increasing understanding 
of athlete preparation and in turn, guiding future practices. This is not only the case for 
staff, but athletes as well. Use of an ASRM encourages athletes to reflect upon their 
preparation, and through a sense of accountability, act to improve their self-
management practices in a manner similar to the self-regulation theory (Kanfer & 
Karoly 1972). However, such self-awareness and education takes considerable time 
and effort (Botterill & Wilson 2002), which may explain the mixed views of 
interviewees in this study. The variable engagement of athletes with their ASRM is 
another factor limiting the strength of this finding.
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Engagement of all parties is essential to drive the cyclic process of ASRM use. The 
final step of action is dependent upon the previous steps, yet is also an important 
stimulus for ongoing data input. Therefore, it is important that athletes, coaches and 
SSMS have a shared understanding of the role of ASRM and the systematic process 
required to benefit athlete preparation. The four-step process identified in this study 
may be used as a framework for an educational strategy to achieve such understanding.
It must be acknowledged that this study did not attempt to reveal an exhaustive list of 
ASRM practices or represent all users and sports settings; hence the transferability of 
the findings may be limited to the present context. The identified roles of ASRM in 
athlete preparation, in particular the facilitation of communication and improved 
athlete management, warrant further investigation through a prospective research 
design. As it is important that all parties understand the role and process of ASRM use, 
educational interventions should also be developed and evaluated.
4.5 Practical applications
Athlete preparation is complex, involving the inputs of the athlete, coach and various 
support staff. By recording an athlete’s preparation and how they are responding, 
ASRM are a vehicle to facilitate communication between the athlete and staff, and also 
amongst staff. As a result, more informed and coordinated decisions can be made to 
improve practices of both the athlete and staff. However, the efficacy of ASRM use is 
dependent upon all parties being actively engaged in the process day-to-day and in the 
longer-term. Hence educational strategies may need to be implemented to ensure a 
shared understanding of the roles and process of ASRM use amongst athletes, coaches 
and support staff.
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Chapter 5:
Implementation
Implementation factors of a self-report measure in elite, supported sport 
settings
The content of this chapter is presented as per the published manuscript:
Saw, A.E., Main, L.C., & Gastin, P.B. 2015. Monitoring athletes through self-report: 
Factors influencing implementation. Journal of Sports Science and Medicine, vol. 14,
pp. 137-146.
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Abstract
Monitoring athletic preparation facilitates the evaluation and adjustment of practices 
to optimise performance outcomes. Self-report measures such as questionnaires and 
diaries are suggested to be a simple and cost-effective approach to monitoring an 
athlete’s response to training, however their efficacy is dependent on how they are 
implemented and used. This study sought to identify the perceived factors influencing 
the implementation of athlete self-report measures (ASRM) in elite sport settings. 
Semi-structured interviews were conducted with athletes, coaches and sports science 
and medicine staff at a national sporting institute (n=30). Interviewees represented 20 
different sports programs and had varying experience with ASRM. Purported factors 
influencing the implementation of ASRM related to the measure itself (e.g., 
accessibility, timing of completion), and the social environment (e.g., buy-in, 
reinforcement). Social environmental factors included individual, inter-personal and 
organisational levels which is consistent with a social ecological framework. An 
adaptation of this framework was combined with the factors associated with the 
measure to illustrate the inter-relations and influence upon compliance, data accuracy 
and athletic outcomes. To improve implementation of ASRM and ultimately athletic 
outcomes, a multi-factorial and multi-level approach is needed.
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5.1 Introduction
An increasing scientific approach to athletic preparation involves regularly monitoring 
the external and internal loads experienced by an athlete, and how they respond to 
these loads (Coutts and Cormack, 2014). Athlete monitoring may provide coaches and 
service providers with a greater degree of certainty when prescribing and adjusting 
training load, with the intention of optimising adaptation and performance whilst 
reducing the risk of overtraining, injury and illness (Coutts & Cormack 2014; Halson 
2014; Roos et al. 2013; Taylor et al. 2012). Therefore, it is recommended that 
monitoring be performed during periods of heavy training (Buchheit et al. 2013;
Kenttä et al. 2006) or throughout athletic preparation (Coutts & Cormack 2014;
Hooper & Mackinnon 1995; Meeusen et al. 2013; Morgan et al. 1987). However, 
implementation of athlete monitoring requires an investment of time, financial and 
human resources to obtain, analyse and utilise the data effectively.
Self-report measures such as questionnaires and diaries are a relatively simple and 
inexpensive approach to monitoring athlete responses (Halson 2014). There is also 
growing support in the literature suggesting self-report measures may be more 
sensitive and reliable than traditional physiological, biochemical and performance 
measures (Buchheit et al. 2013; Coutts et al. 2007; Halson 2014; Meeusen et al. 2013;
O'Connor et al. 1989; Raglin et al. 1990; Urhausen & Kindermann 2002). Athlete self-
report measures (ASRM) include perceptions of wellbeing (e.g., fatigue) and 
psychological variables (e.g., mood) which are influenced by both training and non-
training stressors (Kellmann 2010; Rushall 1990). It has been well documented that 
disturbances in self-reported wellbeing are associated with overreaching and 
overtraining (Hooper et al. 1997; Meeusen et al. 2013; Morgan et al. 1987; Raglin & 
Wilson 2000; Urhausen et al. 1998). Such disturbances may also reflect an increased 
risk of injury (Andersen & Williams 1988; Galambos et al. 2005; Johnson & Ivarsson 
2011; Junge 2000) and illness (Anglem et al. 2008; Zorrilla et al. 2001).
The supporting literature for ASRM has typically used published questionnaires with 
evidence of validity and reliability such as the Profile of Mood States (McNair et al. 
1981), Recovery-Stress Questionnaire for Athletes (Kellmann & Kallus 2001) and 
Daily Analyses of Life Demands for Athletes (Rushall 1990). Whilst such measures 
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may also be used in the applied setting, their length, narrow focus or lack of specificity 
to the sporting context has led many sports programs to develop their own ASRM to 
meet their needs (Gastin et al. 2013; Kavaliauskas 2010; Taylor et al. 2012). This 
reflects an attempt to improve implementation by reducing athlete burden and 
increasing relevance, however this may be at the expense of validity and reliability. 
To date, the design and implementation of ASRM in the applied setting are typically 
informed by empirical measures and personal experience, with a need for further 
research to optimise practices.
The design of an ASRM should aim to minimise the inherent limitations of self-report, 
namely measurement error and conscious bias (Baldwin 2000). These threats to 
validity have been attributed to cognitive and situational factors (Brener et al. 2003).
Cognitive factors include miscomprehension and recall error (Brener et al. 2003),
which may be addressed with clear instruction (Vinokur et al. 1979), and minimising 
the period of recall (Shiffman 2000). Ensuring understanding of the overall task may 
also improve motivation to respond accurately, thus reducing conscious bias (Vinokur 
et al. 1979). Conscious bias is often the result of an individual responding in a socially 
desirable manner, generally over-reporting favourable responses and under-reporting 
unfavourable responses. In the sports setting, this may mean athletes ‘faking good’ to 
appear to be coping or to gain selection (Ekegren et al. 2014a), or ‘faking bad’ to have 
their training reduced (Meeusen et al. 2013). Therefore, it is important to not only 
consider the design of a self-report measure, but also the individual and situational 
factors which may influence the ability to obtain meaningful, accurate and consistent 
data from athletes.
Drawing upon research on implementation in other fields such as education and health, 
there is strong evidence that implementation strategies affect the outcomes of 
promotion and prevention programs (Durlak & DuPre 2008). Such research has also 
highlighted the complexity of implementation, identifying 23 ecological factors 
affecting the implementation process related to the community, organisation, provider, 
support and the system being implemented (Durlak & DuPre 2008). These factors are 
likely inter-related and specific to real-world contexts, precluding rigorous 
experimental investigation (Durlak & DuPre 2008; Meyers et al. 2012). Therefore, it 
is useful to apply qualitative techniques to provide preliminary insight into a particular 
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implementation process. It is also useful to apply a conceptual framework to help 
organise and communicate ecological factors and guide implementation strategies 
(Durlak & DuPre 2008; Meyers et al. 2012). One such framework is a social ecological 
model which outlines the interactions between organisational, inter-personal and 
individual levels (McLeroy et al. 1988).
In a sporting context, interactions between social ecological levels has been considered 
for the implementation of sports injury prevention initiatives. The hierarchical 
structure within sports (athlete, team, coach, club, regional, national and international 
sporting organisations) has been used to describe the responsibilities and potential to 
effect change (Emery et al. 2006), and hence the need for multi-level implementation 
strategies (Finch & Donaldson 2010). Similar social ecological considerations are also 
relevant for obtaining data for injury surveillance (Ekegren et al. 2014a), a task more 
closely aligned with ASRM. Ekegren and colleagues (2014a) identified personal (e.g.,
perceptions), socio-contextual (e.g., staff/resources, culture, support and leadership) 
and system (e.g., technical issues, simplicity and utility, and compatibility with 
existing procedures) factors which influenced the implementation of an injury 
surveillance system in community sports clubs.
To identify and address factors influencing the implementation of ASRM it is 
important to first seek the perspectives of end-users (Donaldson & Finch 2012). The 
end-users of ASRM are the athletes who complete the measure, along with their coach 
and supporting sports science and medicine staff who use the information. One 
approach is to consult end-users throughout the development and pilot of a new 
measure (Shrier et al. 2014), however in many cases ASRM are already in place. 
Therefore, the aim of this study was to consult the end-users of pre-existing ASRM to 
better understand the factors influencing implementation in the applied sport setting, 
and apply this to a social ecological framework.
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5.2 Methods1
5.2.1 Participants
A stratified purposeful sample of eight athletes, seven coaches and 15 sports science 
and medicine staff (SSMS) from a national sporting institute volunteered to participate 
in the study. Participants represented 20 different sports programs including 10 
international-level individual sports (rowing, swimming, track and field, tennis, 
sailing, road cycling, track cycling, mountain biking, winter sports, boxing), 4 
international-level team sports (women’s water polo, women’s football, rugby union, 
rugby league), and 6 elite youth team sports (men’s football, men’s and women’s 
basketball, hockey, netball, Australian football). The subgroup of coaches included 
both sport-specific coaches and strength and conditioning coaches. The subgroup of 
SSMS included staff from the disciplines of physiotherapy, physiology, recovery 
physiology and psychology, hence the larger number of participants to capture the 
diversity of views within this subgroup.
Athletes had been at the national sporting institute for between 3 months to 10 years 
(4.9 ± 3.7 years). Staff had been at the national sporting institute for between 6 months 
and 24 years (6.4 ± 6.4 years) and had been working with athletes for 4 to 27 years 
(12.2 ± 6.9 years). Fourteen staff had additional experience in amateur sports, nine had 
experience in professional sports and ten had experience in international sports 
settings. Thirteen staff also had experience as an athlete at a sub-elite or elite level.
Participants had a range of experience with ASRM, including both the duration of 
exposure (3 months-15 years; 4.8 ± 3.4 years) and the measures used. Subjects were 
currently using various in-house or customised commercial measures. These measures 
took a multidisciplinary approach, briefly assessing an athlete’s subjective well-being 
alongside behaviours such as training, recovery and nutrition. For the purposes of this 
research, the particular characteristics of the ASRM used (e.g., questions, format) were 
less relevant, rather the underlying factors of implementation were discussed. This 
study was approved by both the university and national sporting institute human 
1 The same participant cohort and interviews were used to answer the distinct research questions in 
Chapters 4 and 5. Only the applicable interview questions are outlined in each chapter.
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research ethics committees. Written informed consent was obtained from participants 
prior to commencement.
5.2.2 Procedure and analysis
All interviews were conducted one-on-one by the primary author at the national 
institute of sport at the convenience of the interviewee and were approximately 20
minutes in duration. In accordance with a grounded theory approach (Corbin & Strauss 
2008), a semi-structured interview outline was developed to allow novel insights to 
emerge. The interview commenced with background questions, then addressed the 
benefits and negatives of completing an ASRM; how the ASRM were implemented; 
how accurately athletes responded; who looks at the data; what actions take place; and 
sought suggestions for improvement. Interviewees were requested to elaborate on 
points or prompted for additional information as necessary. Interviews were audio 
recorded and supplemented with brief handwritten notes.
Audio recordings and notes were coded by a letter representing the interviewee’s role 
(A=athlete, C=coach, S=SSMS) and numeric identifier. The primary author 
transcribed all interviews verbatim from the audio recordings and re-checked them for 
accuracy. Transcripts were imported into NVivo qualitative data analysis software 
(QSR International Pty Ltd. Version 10.0, 2012) for data management. To minimise
the potential of researcher bias, a grounded theory approach to data analysis and 
interpretation was used (Corbin & Strauss 2008). The process, as outlined below, was 
also triangulated amongst all authors.
During the early phases of coding, transcripts were read and information-rich or 
interesting sections were identified (meaning units). Each meaning unit was analysed 
in consideration of its context and coded as a node. Evolving nodes were continuously 
compared, grouped and distinguished according to their properties and dimensions. As 
coding of transcripts progressed, meaning units were coded to existing nodes or, if 
they did not fit an established node or offered a novel insight, a new node was created. 
Provisional hypotheses of how the concepts related were noted and revised throughout 
the process and once all transcripts had been coded, nodes were grouped into lower 
and higher-order themes.
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Table 5.1 Thematic structure of the influence of the athlete self-report measure (ASRM) on implementation.
Higher order 
theme
Lower order 
theme Representative meaning unit
Number of interviewees Total 
meaning 
units
Athlete
(n=8)
Coach
(n=7)
SSMS
(n=15)
Mode Mode In the past I had paper copies that I would hand them and they would fill in and give straight back to me right there and then. (C03) 6 7 13 51
…a smart phone or an app or something...will definitely get more buy-in 
from athletes. (S04)
Accessibility Technology …it would have to have the flexibility of…multiple sources of data entry, either from smart phone or from a computer (S10) 4 6 10 31
Location …when they go on tour and they don’t have easy access to the internet…we lose big chunks of data (S12) 5 2 6 18
Compatibility Software …it doesn’t work on a phone because it has to be computer based [software] (S05) 2 1 2 6
Link with other 
data
…do you need that information about training load and time in [ASRM] 
when it’s all [objectively recorded]? (A04) 1 2 13 27
Interface Appeal …usually the interfaces are very clinical and I don’t think that grabs people. (S03) 0 0 5 13
It’s popular media, you’ve got to make it like funky and sexy you know, 
you’ve got to make it where they want to go there rather than have to go 
there. (S03)
Complexity …the more clicks the less compliant,…it has to be one page for one entry (S05) 2 2 8 25
Question design 
factors
Question 
specificity
…if it’s too long or wordy or seems irrelevant, you actually 
get…[athletes] not liking it, and…don’t want to have to do it (S11) 6 3 11 40
Question 
sensitivity
…if your monitoring isn’t sensitive enough, you’re not going to find 
anything anyway. (S06) 0 1 3 6
Scales
…what one person gives as a three, another person might give a five, that 
doesn’t matter, as long as they are reporting it the same within 
themselves. (S08)
6 4 12 35
Table 5.1 cont.
Higher order 
theme
Lower order 
theme Representative meaning unit
Athlete
(n=8)
Coach
(n=7)
SSMS
(n=15)
Total 
meaning 
units
Time burden Time for completion
…the onus is on developing [an ASRM] that’s time efficient and short 
enough to keep the athletes happy but it does yield you important, valid 
information. (S13)
3 3 13 32
…if I’m in a bit of a rush then I’d just quickly go through and like not 
really think about it (A02)
Frequency of 
completion
…it was frequent enough to give us good information but not too often 
that they got really annoyed at it. (S04) 3 2 5 17
…when you’re asking the same questions all the time day after day after 
day, some of them will just keep the same responses and they won’t be 
honest, they’ll just want to get this over and done with. (S04)
I think two to three times a week would prevent the chronic stuff and still 
give a good feel for the acute responses and trends.(S02)
Timing of 
completion
Relative to 
training
…they had to have [their ASRM data] in [prior to training], basically no 
data no training (S05) 2 2 7 16
…if I do it in the morning its different to what I would have thought in 
the evening (A08)
Consistent …we said “let’s all do it at the same time every day” so that it becomes habit (C07) 6 3 6 17
…we’re relying on them to go into the system on a regular basis at the 
same time, and they don’t do that (C03)
Retrospective …if I skip say a week I’d always go back and fill in that week (A05) 8 2 2 14
…it’s more accurate when they do it the day of training rather than the 
next day or the day after, like giving witness testimony, it’s more 
accurate the earlier it’s done. (S08)
Table 5.1 cont.
Higher order 
theme
Lower order 
theme Representative meaning unit
Athlete
(n=8)
Coach
(n=7)
SSMS
(n=15)
Total 
meaning 
units
Data output and 
analysis Red flag limits …based on certain thresholds in the criteria of each question (S15) 0 1 5 7
Format of data 
output …it comes as a summary statement to my email account (C02) 0 7 13 87
...there is a lot of information there but...at the moment [it’s] difficult to 
get all that information in a concise, easy to analyse/report format to be 
able to then use. (S01)
Data 
presentation
…they want to get information back quickly, easily in a format that is 
discernible to them...and the coach may want to see a little graph or just a 
warning. So does the information meet the criteria of what the coach 
wants? (C02)
1 5 15 64
The number of interviewees and total number of meaning units contributing to each lower-order theme are presented. Participant code follows each meaning unit. SSMS=Sports Science and 
Medicine Staff.
Table 5.2 Thematic structure of the influence of the social environment on athlete self-report measure (ASRM) implementation.
Higher order 
theme
Lower order 
theme Representative meaning unit
Number of interviewees Total 
meaning 
units
Athlete
(n=8)
Coach
(n=7)
SSMS
(n=15)
Athlete buy-in Education The data we put in will be more valuable if we understand what the benefits will be and what they are trying to get out of it. (A04) 1 2 7 11
…some of the value in diaries is collecting them over a long long 
time…that’s sometimes harder to sell because people want instant 
gratification for effort (S03)
Feedback …if they think that no-ones looking at it then they’ll just give dummy responses. (S04) 6 4 15 88
When 
introduced
My thinking is that younger athletes…should be encouraged to be filling 
in diaries straight away so it becomes the norm not “this is all hard 
work”. (C03)
0 2 2 5
Staff buy-in SSMS buy-in …it’s really necessary to have everyone working with the sport supporting and following the benefits of the system (S12) 0 0 2 2
Coach buy-in …if it doesn’t have a reinforcement from the coaches [compliance] tends to fall away. (S07) 4 1 12 24
…within a team sport it is very much a coach-driven thing…then as a 
dictatorship, the coach can demand that it be done or there be 
ramifications to the athlete (S14)
Key staff-
member
…you do need a couple of key drivers...instilling that everyone’s got 
some individual obligation (S13) 3 1 8 19
…because the interpretation of one person to another person could be 
completely different, so you’ve got to control how [the data] is used and 
who says what to the athlete (S07)
Peer-influence …people stop [completing their ASRM] and then everyone stops doing it and it stops completely (A03) 1 0 3 5
Table 5.2 cont.
Higher order 
theme
Lower order 
theme Representative meaning unit
Athlete
(n=8)
Coach
(n=7)
SSMS
(n=15)
Total 
meaning 
units
Reminders I do remind them at probably two or three times a week I ask them why 
they haven’t filled it out (S07) 1 6 11 24
Reinforcement …we’ve included both carrot and stick in ways of trying to get them to do it (C06) 7 7 12 45
…sometimes the athlete may want to hide something that’s going on,… 
they might not want the coach to know…or worried they are going to get 
punished for it (S08)
Data security …some of them feel it reflects an invasiveness in to their privacy (S14) 1 1 6 11
…their data is pretty much open to anyone that’s got access, so maybe 
that is something [to address], the security side so the athletes feel 
confident that if they really want to write some stuff in there they can. 
(C03)
The number of interviewees and total number of meaning units contributing to each lower-order theme are presented. Participant code follows each meaning unit. SSMS=Sports Science and 
Medicine Staff
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5.3 Results
Analysis of the transcripts revealed 681 meaning units which characterised the factors 
of ASRM implementation. The grouping of meaning units revealed eight factors 
associated with the measure (Table 5.1), and six associated with the social environment 
(Table 5.2). These factors and their inter-relations are summarised in Figure 5.1.
5.3.1 Factors associated with the measure
Mode
Interviewees had previous experience with paper-based measures which they favoured
for their relative simplicity, however the requirement for manual collection and data 
entry by staff was considered archaic. There was a general consensus that paper-based 
ASRM were a method of the past. The uptake of technology was evident with all 
interviewees currently accessing an ASRM website on a computer.
Accessibility
Access to a computer with internet connectivity was adequate in the home training 
environment though posed a considerable challenge when in field settings or 
travelling. The development of applications for smart phone and other portable devices 
was seen as the “next step” and “the way to go” for ASRM, a view supported by 25 of 
interviewees.
Compatibility
Despite six interviewees already using portable device-enabled measures, they did not 
use this feature as the webpages were not designed for such devices and so were 
difficult to navigate or did not load properly. Similarly, incompatibility of the software 
with various operating systems, internet browsers and other athlete monitoring 
measures were other barriers to compliance.
Interface
Large file size, multiple pages and the number of steps or mouse clicks led to 
complaints of ASRM interfaces being “clunky”, “cumbersome” and consequently 
taking “longer than they should” to use. Instead, words used to describe an ideal 
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interface included “easy”, “simple”, “intuitive” and “user-friendly”. Staff also 
suggested a “less clinical” appearance and visual prompts to increase appeal to athletes 
and coaches.
Question design factors
Questions which seemed irrelevant to the athlete and their sport were a barrier to 
compliance whereas ambiguity compromised accuracy, as exemplified by an athlete’s 
comment: “I don’t really know what general health is compared to sickness”. Athletes 
preferred to respond quickly on scales rather than enter text, however they expressed 
concern of being compared against other athletes who may interpret a scale differently. 
Due to these limitations, the ability to also enter explanatory comments was perceived 
as valuable by athletes and staff.
Time burden
Current ASRM took a couple of minutes per day for both athletes to enter their data 
and staff to get a quick overview of their athletes. More comprehensive and/or frequent 
measures were suspected to yield data with “a high level of integrity”. Yet interviewees 
also raised issues such as the normalisation of responses (e.g., “I always just record it 
as the same thing no matter how I’m feeling” (A05)); “questionnaire fatigue” where 
athletes just go through the motions; and the process itself potentially influencing an 
athlete’s perceived well-being (e.g., “I wonder if constantly asking a player if they feel 
well makes them feel that maybe they don’t.” (C07)).
Timing of completion
Completion of an ASRM prior to training was preferred by staff that used the data to 
determine the athlete’s readiness for training or enforced a “no data, no training” rule. 
However, a couple of athletes felt this was inaccurate as “I don’t know how I’m feeling 
straight out of bed, I need a session to know how I’m feeling” (A06). If given the 
choice, athletes tended to complete their ASRM at the end of the day, however it was 
also commonplace for athletes to retrospectively record data for days or weeks missed. 
Some would enter data from their memory “because I kind of know how I’m feeling 
for that week” whilst others referred to their own hand-written diary.
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Data output and analysis
Software features such as real-time or daily emails to staff were considered time 
efficient, keeping staff on top of the data without having to directly access the ASRM 
software. Basic data output included a single “snapshot” of an individual or squad’s 
entries which staff could quickly scan and be alerted to any red flags. The limits for 
red flags were able to be customised, however there was some ambiguity as to what 
these limits may be with vague comments such as data being “outside normal healthy 
ranges”.
5.3.2 Factors associated with the social environment
Athlete buy-in
All factors of the ASRM and social environment raised by interviewees had an 
influence on athlete buy-in and consequently compliance and data accuracy. Staff 
often mentioned trying to “sell” ASRM to the athletes, though suggested other 
approaches which may be more effective including education, feedback and 
introducing the measure to athletes earlier in their career. Interviewees suggested the 
scope of education should include why an ASRM is to be used, the purpose of 
questions, who looks at the data and how data is to be used to their benefit, and not 
used to their detriment. Feedback is a means of providing evidence of the above, 
whether it be a simple comment such as “I saw that you reported this”, a report or 
action taken in response to the data.
Staff buy-in
Engagement of staff in the process was considered essential, with particular emphasis 
on coach buy-in and the need for a key-staff member to oversee the day-to-day 
operations of the ASRM. Five of the athletes interviewed felt that their coach had some
resistance to ASRM with reasons including a preference for verbal communication; a 
lack of expertise to interpret the data; just being a messenger for SSMS; and a 
resistance to deviate from traditional methods of coaching. (e.g., “I think [our coach 
is] a bit old fashioned…so no matter how you’re feeling, how you’re sleeping, you do 
the yards on the field.” (A01)).
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Peer-influence
Interpersonal dynamics, particularly in a team setting, were also at play. Athletes vying 
to make a good impression, or who were in contact with complying athletes tended to 
have good compliance, whereas in the absence of these, compliance was poor. The 
commitment of staff to ASRM use was also positively related to the commitment of 
fellow staff.
Reminders
The role of reminding non-compliant athletes was largely undertaken by the key staff-
member. Emails were favoured for allowing athletes to act immediately if read on a 
computer, and the coach could be copied in to create an additional incentive. Other 
forms of reminders were talking to the athlete at training or sending them a mobile text 
message. This burden on staff to check compliance and chase athletes was partly 
alleviated by software automation.
Reinforcement
Positive reinforcement was mentioned by six staff as a means to encourage 
compliance, though with limited success. Instead, staff adopted punishments to try and 
rectify poor compliance. Punishments included added training, having to miss training 
and publicly shaming the athletes. However, such a culture was to the detriment of 
data accuracy, with athletes carelessly completing their ASRM just to avoid 
punishment. Fear of punishment also resulted in deliberate dishonesty, with half of the 
athletes admitting withholding the truth on occasions as they did not want to appear
“unprofessional” or “lacking motivation”.
Data security
Athletes would also withhold information over concern for who had access to their 
data. When asked who looks at their data, some responded “I honestly don’t know”
whilst others guessed or listed only a few of the multiple staff with access. One staff 
felt this was an issue of informed consent that needed to be addressed.
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Figure 5.1 Factors perceived to influence the implementation of athlete self-report 
measures. Factors associated with the measure (left) and social environment (right) 
interrelate and influence the outcomes of implementation (compliance, data accuracy 
and athletic outcomes).
Data security
Organisation
Measure
Mode
Accessibility
Compatibility
Interface
Question design factors
Time burden
Timing of completion
Data output and analysis
Inter-personal
Staff buy-in
Peer-influence
Reminders
Reinforcement
Individual
Buy-in
Compliance, Data accuracy,
Athletic outcomes
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5.4 Discussion
This study identified the perceived factors influencing the implementation of ASRM 
in elite sports as summarised in Figure 5.1. The findings agree with existing 
implementation literature in other sporting (Ekegren et al. 2014a; Emery et al. 2006;
Finch & Donaldson 2010; Shrier et al. 2014) and non-sporting contexts (Durlak & 
DuPre 2008; Meyers et al. 2012), and highlight the importance of both the design of 
the system, and social ecological influences. The complex interrelations of these 
factors ultimately determine athlete compliance, data accuracy and how the ASRM 
may be used to optimise athletic outcomes. The success of these outcomes reflects 
back upon these factors to reinforce or undermine the process. Hence to improve the 
implementation and use of ASRM, a sustained, multi-level approach is likely to be 
most effective (Jackson et al. 2006).
5.4.1 Factors associated with the measure
The anticipated purpose of ASRM is regular, ongoing monitoring to enable the 
evaluation and adjustment of athletic preparation. This, along with consideration of 
practical limitations, should dictate the structure, scope and output of ASRM. The 
move to technology reflects the preferences of today’s athletes and staff, with access 
to various devices and automation of processes commonplace. Recent studies have 
demonstrated successful adoption of technology for injury monitoring (Clarsen et al. 
2014; Ekegren et al. 2014b). Other benefits of technology include time-stamping 
entries, validating responses, skip logic and automated alerts, however technical issues 
are a potential barrier (Ekegren et al. 2014a). As technology continues to evolve, an 
ongoing investment is required to maintain currency and ensure accessibility and 
compatibility. The design of an ASRM may be further streamlined with the 
development of an ‘app’, following a user-centred design philosophy (Allen & 
Chudley 2012) and incorporating elements of social media such as the ability to 
communicate with staff and peers.
The particular composition of the ASRM in terms of questions and scales is an area 
requiring further attention in the literature, and beyond the scope of this study, however 
it should be noted that athletes found it difficult to respond to very broad questions on 
their wellbeing. Athletes differ on their ability to introspect and respond accurately on 
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an ASRM (Hassmén et al. 1998; Shrier et al. 2014), however a consistent approach 
from athletes may ensure validity (Shrier et al. 2014). Daily completion of the same 
questions may be bothersome to athletes (Shrier et al. 2014) and lead to questionnaire 
fatigue whereby athletes respond in an unvarying or random manner (Halson 2014;
Meeusen et al. 2013), hence it is important to consider the frequency of administration 
and balance this against the length of the measure.
In the literature, daily (Zerguini et al. 2008) or twice-daily (Kenttä et al. 2006)
monitoring have been used to monitor constructs particularly sensitive to change and 
during acute phases; whereas weekly (Main et al. 2009), monthly (Brink et al. 2012)
or infrequent monitoring (Cresswell 2009) have been used for more stable constructs 
and longer-term outcomes. Yet for ongoing data collection with prospective 
application, there is a paucity of research to suggest an ideal frequency. Insight from 
the well-researched area of measuring food intake supports completion on non-
consecutive days to reduce burden and the normalisation of responses (Rankin et al. 
2010). Alternatively, a brief daily or weekly measure may be supplemented 
periodically with a more comprehensive measure, which is consistent with previous 
recommendations (Botterill & Wilson 2002).
Consideration of the timing of completion centres around the influence of training on 
subjective responses. Performance at training can acutely influence mood ratings 
(Hassmén & Blomstrand 1995), whilst measures of mood disturbance, in particular 
fatigue and vigour, are sensitive to an athlete’s recovery state (Kenttä et al. 2006). The 
response set used, for instance ‘right now’, ‘today’ or ‘in the past week’ is also of 
relevance, with longer periods of recall more susceptible to error. However, 
experienced athletes have been shown to have high recall accuracy (Hanin 2007;
Tenenbaum et al. 1994), possibly due to the saliency of the information to their athletic 
goals. Whilst retrospective responses may be permissible over a short period, 
persistent poor compliance reflects flaws in how the ASRM is implemented which 
need to be addressed.
The final aspect of the measure, data output and analysis, is an important stimulus for 
ongoing use. However, no staff mentioned receiving any training or guidance on this, 
hence were left to devise their own approach. The use of varied and arbitrary red-flag 
126
Implementation Chapter 5
limits is a finding consistent with Taylor and colleagues (2012). Whilst further 
research is needed to guide this process, it is unlikely that specific guidelines for red
flag determination will be established given considerable intra- and inter-individual 
variability. Retrospective studies have also demonstrated thresholds to be dynamic 
across the season (Gabbett 2010) and leading to instances of both false positives and 
false negatives (Foster 1998). Beyond red-flagged responses, analysis of data and 
report generation requires both time and expertise of staff, a shortfall which may be 
addressed through automation and the provision of training. It is essential that the data 
is synthesised and presented in a manner which is meaningful to the athlete or coach 
for applicability and also buy-in to the process.
5.4.2 Factors associated with the social environment
The factors of the social environment reflected the interplay of individual, inter-
personal and organisational levels, consistent with a social ecological framework. At 
the individual level, the perceived importance of an ASRM to their preparation or role 
in supporting athlete preparation was a key motivator. This finding is consistent with 
that of Ekegren and colleagues (2014a) who also identified a sense of responsibility as 
another individual factor. Individual perceptions reflect understanding and prior 
experiences (Pennebaker 2000), which may also be influenced by others (Cialdini & 
Trost 1998). Therefore, an implementation strategy should aim to positively influence 
the perceptions of all end-users.
Foremost is the provision of education and training by the organisation. Earlier 
exposure, where possible, and persistence with the system are also recommended, as 
understanding and buy-in may increase with use (Berglund & Safstrom 1994).
Uncertainty over data security, or use of coercion or punishment to enforce ASRM 
completion reduces an athlete’s sense of autonomy. This is not only detrimental to the 
ASRM process but may also impair their self-esteem and the athlete-coach relationship 
(Mageau & Vallerand 2003). Instead, an autonomy-supportive culture is 
recommended to benefit athlete motivation and persistence with the process (Mageau 
& Vallerand 2003).
Achieving individual buy-in would encourage an ideal scenario whereby the ASRM 
process is self-driven by athletes and staff. However, it is unrealistic to expect all 
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individuals to be motivated to the same degree and so differing approaches may be 
needed. In such cases, the key staff member noted in the present study plays an 
important role in encouraging and coordinating the ASRM process by communicating 
with athletes and other staff. The need for such support and leadership is also 
consistent with the findings of Ekegren and colleagues (2014a) and reflects the 
hierarchical structure within sports (Emery et al. 2006).
In considering the ecological factors of ASRM implementation, it is important not to 
lose sight of the fact that ASRM are only one measure for athlete monitoring. It is 
recommended that ASRM be incorporated alongside training, physiological and 
performance measures (Coutts & Cormack 2014; Halson 2014; Kellmann 2010; Twist 
& Highton 2013). Therefore, the overall burden on athletes and staff should be 
considered. A multi-faceted approach also highlights the importance of leadership to 
coordinate various inputs and facilitate a unified approach to athlete preparation.
5.4.3 Limitations and future directions
It must be acknowledged that this study did not attempt to reveal an exhaustive list of 
factors or represent all end-users and sports setting. Consequently, limitations relate to 
the small sample size and the breadth of their ASRM and sports setting experience. 
Further research is needed to investigate the influence of different dynamics in a 
professional sport environment, or at a lower-level where staff and resources are 
reduced. Future research should also seek the views from those in higher levels of 
management to investigate the influence of policies, funding and competing priorities 
on the perceived factors influencing the implementation of ASRM in elite sports.
5.5 Conclusion
This study contributes both theoretical and practical insight to the implementation of 
ASRM in the applied sport setting. From a theoretical perspective, the complex 
interrelations between the measure, social environment and outcomes was illustrated. 
The social environmental factors related to organisational, inter-personal and 
individual levels as per the social ecological model. From a practical perspective, this 
study highlights the need for a multi-factorial and multi-level approach to address 
ASRM implementation.
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Specific recommendation for the measure include a design which obtains quality, 
meaningful data from the athlete with minimal burden. This means careful 
consideration of the questions, number of questions and frequency of completion along 
with effective utilisation of technology. The organisation then has a role in facilitating 
implementation of the measure through the ongoing investment in staff and resources, 
and establishing a positive culture through education and trust in the process. Such a 
culture is further supported by the perceptions and actions of the end-users. These 
recommendations remain general however, as ultimately the implementation of 
ASRM will be unique to the sports program and their short and long-term goals. 
Implementation practices may also be further tailored to meet the needs of individuals 
within the program.
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Impact of sport context on the role and implementation of a self-report measure
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Abstract
Athlete self-report measures (ASRM) are a popular method of athlete monitoring in 
high-performance sports. With increasing recognition and accessibility, ASRM may 
potentially be utilised by athletes from diverse sport contexts. The purpose of the 
present study was to improve understanding of ASRM implementation across different 
sport contexts by observing uptake and compliance of a newly implemented ASRM 
over 16 weeks, and investigating the perceived roles and factors influencing
implementation. Athletes (n=131) completed an electronic survey at baseline and week 
16 on their perceptions and experiences with ASRM implementation respectively. 
Despite initial interest, only 70 athletes attempted to use the ASRM. Of these athletes, 
team sport athletes who were supported by their coach or sports program to use the 
ASRM were most compliant (p<0.001) with a mean compliance of 84 ± 21 %. 
Compliance for self-directed individual and team sport athletes was 28 ± 40 % and 8 
± 18 % respectively. Self-directed athletes were motivated to monitor themselves, and 
rated desired content and minimal burden as key factors for initial and ongoing 
compliance. Supported athletes were primarily motivated to comply for the benefit of 
their coach or sports program rather than themselves, however rated data output as a 
key factor for their continued use. Factors of the measure outweighed those of the 
social environment regardless of sport context, however the influence of social 
environmental factors should not be discounted. The findings of the present study 
demonstrate the impact of sport context on the implementation of an ASRM and the 
need to tailor implementation strategies accordingly.
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6.1 Introduction
Athlete self-report measures (ASRM) are a simple and inexpensive approach to 
monitoring athlete’s perceived physical and psychological wellbeing (Halson 2014).
This information is purported to mitigate the risk of overtraining (Kellmann 2010;
Meeusen et al. 2013) injury (Andersen & Williams 1999), and illness (Zorrilla et al. 
2001). The widespread use of these measures is indisputable, with 84% of surveyed 
high-performance sports in Australia and New Zealand incorporating a self-report 
measure as part of their monitoring strategy (Taylor et al. 2012). The popularity of 
ASRM has likely since increased further with the use of these measures by 
professional clubs being broadcast in the media, and the growing market of ASRM 
software providers. The increased accessibility of ASRM means they may also be 
adopted by athletes of lower levels without the need for significant financial 
investment or staffing expertise. 
Consistent with the literature, staff of high-performance sports perceive the role of 
ASRM as a means to detect and prevent undesired training outcomes (Taylor et al. 
2012). These beneficial outcomes are intended to result from the process whereby 
athletes record data, after which staff review the data, add further context, and 
determine what actions are necessary (Saw et al. 2015b). However, this previous 
research is limited to the context of high-performance sports, where athletes are 
required to use an ASRM, and are supported to do so, by a coach or sports program. 
Athletes competing at lower-levels, or without the support of a coach or other support 
staff, may choose to use an ASRM for personal reasons which may differ from the 
roles previously identified. Furthermore, where an athlete does not have such support 
from staff, the athlete must interpret their own data and determine what actions are 
necessary. Consequently, the perceptions and requirements of an ASRM may vary 
substantially across athletes in different sport contexts.
A key determinant of the efficacy of ASRM implementation is whether or not an 
athlete actually uses the measure consistently across a training period. Use of an 
ASRM at the frequency in which the measure was intended is termed compliance 
hereafter. To encourage compliance, it is important to understand what factors 
influence use of an ASRM in different sport contexts. Factors which have been 
137
Implementation and sport context Chapter 6
identified to influence compliance in high-performance settings relate to the particular 
measure and surrounding social environment (Durlak & DuPre 2008; Saw et al. 
2015a). The characteristics of the measure play a significant role in determining 
whether an athlete is willing to invest time and effort into completing their ASRM 
(Saw et al. 2015a). The time and effort required to complete a measure is determined
by the design of the measure, including factors such as the utilisation of technology, 
usability, and accessibility at any time and place. The particular questions presented 
also influence time and effort, in addition to the data quality and relevance to athletic 
preparation. Furthermore, the data obtained must present perceptible value to the 
athlete in order for them to be willing to sustain use (Bandura 1991; Saw et al. 2015a).
Perceived relevance and value of an ASRM to athletic preparation are also influenced 
by the sport context of an athlete. In particular, the nature of their sport, participation 
level, and involvement of other athletes and staff, contribute to a social environment 
which may facilitate or impede ASRM implementation (Saw et al. 2015a). Athlete 
perceptions are influenced by their own experiences, in addition to the experiences of 
others either through direct tuition or observation (Bandura 1991). The presence or 
absence of a coach, support staff and other athletes has the potential to influence athlete 
perceptions and ASRM implementation based on the leadership, support, and data 
management practices that are available (Ekegren et al. 2014; Saw et al. 2015a). Sport 
context may therefore influence the relative importance of factors of the social 
environment, compared to those of the measure, for ASRM implementation.
Previous research provides preliminary insight into the implementation of ASRM 
(Saw et al. 2015a; Saw et al. 2015b). However, the findings are limited to higher-level 
athletes who are well-supported in their preparation. The increased accessibility of 
ASRM means they may potentially be utilised by athletes from recreational to 
professional levels, and by athletes who do so on their own accord or with support 
from others. Therefore, to encourage ASRM compliance in different sport contexts, 
implementation strategies may need to be tailored accordingly. The purpose of the 
present study was to improve understanding of ASRM implementation across athletes 
of different sports, participation levels, and support. The first aim was to observe the 
uptake and compliance of a newly implemented ASRM. The second aim was to build 
upon previous research by investigating the perceived role of an ASRM, and the 
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importance of factors of the measure and social environment on ASRM 
implementation.
6.2 Methods
6.2.1 Participants
The study procedures were approved by the institutional human ethics advisory group, 
including participation by self-consenting athletes aged 16-18. Athletes received 
written information regarding the study procedures, including assurance of anonymity 
and independence of the research from the ASRM provider, prior to providing 
informed consent.
Athletes volunteered to participate in response to an advertisement distributed by their 
sporting club or organisation, by one of two scenarios. The first scenario involved 
sporting organisations who were new clients of the ASRM provider, whereby athletes 
were supported by their coach or other staff to use an ASRM tailored to their sport 
(termed ‘supported’). In the second scenario, there was no pre-existing arrangement 
and athletes were offered free access to a generic version of the ASRM for 16 weeks 
to use as they pleased (termed ‘self-directed’).
Table 6.1 Athlete characteristics.
All
(n=131)
Individual 
sport
self-directed
(n=83)
Team sport
self-directed
(n=19)
Team sport
supported
(n=26)
Gender
Male 82 (63%) 49 (59%) 11 (58%) 21 (81%)
Female 49 (37%) 34 (41%) 8 (42%) 5 (19%)
Age (years)
Mean ± SD 32.9 ± 14.6 38.5 ± 14.0 28.9 ± 13.8 23.5 ± 1.1
Range 16-73 17-73 16-71 17-22
Participation level
Recreational 25 (19%) 23 (28%) 2 (10%) 0
Club-Regional 79 (60%) 48 (58%) 10 (53%) 21 (81%)
National-International 24 (18%) 12 (14%) 7 (37%) 5 (19%)
Previous experience
ASRM 11 (8%) 7 (8%) 4 (21%) 0
Training record 75 (57%) 59 (71%) 7 (37%) 9 (34%)
None 40 (31%) 17 (21%) 8 (42%) 15 (58%)
Unspecified 5 (4%) 0 0 2 (8%)
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Of the 393 athletes who agreed to participate, 131 completed the survey at week 16 
(33% response rate (36% of supported, and 32% of self-directed athletes)) and are 
included in analyses (Table 6.1).
6.2.2 Athlete self-report measure
The ASRM provided to all athletes (Metrifit, Health and Sport Technologies Ltd., 
Greenore, Ireland) was web-based with mobile device compatibility. The 
comprehensive measure enabled monitoring of training details including evaluation of 
perceived exertion and performance, and also a specific area for rehabilitation 
exercises. Wellbeing measures of mood state, sleep quality, sleep duration, energy 
levels, muscle readiness, and appetite were rated on 5-point sliding scales, with 
additional areas to record resting heart rate, body weight and details of any injury or 
illness. Training and wellbeing measures were intended to be completed on a daily 
basis. The program also enabled recording of nutrition, competition and fitness test 
details, goal setting and training planning. Operational features included optional 
automated reminders to prompt compliance, and generation of reports with graphs. 
Athletes received generic instruction on how to use the program and could utilise the 
online support feature. The researchers did not provide any instruction to athletes 
regarding the use of the ASRM.
6.2.3 Procedures
The present study employed a naturalistic approach to observe the uptake and usage 
of an ASRM over 16 weeks. Uptake and compliance statistics were recorded by the 
ASRM software. Athletes completed electronic surveys (QuestionPro Inc., Seattle, 
WA) at baseline and week 16 which were designed specifically for the present study. 
The baseline survey sought demographic information including gender, date of birth, 
sport and participation level. Athletes reported their participation level for their 
primary sport as recreational, competing at a club or regional level, or competing at a
national or international level. Athletes also provided details of any previous ASRM 
experience, and rated how essential an ASRM was to them, and how likely they were 
to use an ASRM (5-point Likert scales).
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The survey at week 16 invited athletes to reflect on their experiences of using the 
ASRM. As the purpose of the present study was not to evaluate a particular ASRM, 
but rather investigate ASRM implementation in general, athletes with previous ASRM 
experience were encouraged to consider these experiences in their response. Initial 
questions asked athletes to rate whether they were motivated to use an ASRM to 
monitor themselves, or for the benefit of others. The survey was then presented as four 
sections: why and how athletes use an ASRM (19 items), factors of the measure which 
influence ASRM implementation (17 items), factors of the social environment which 
influence ASRM implementation (9 items), and ranking the barriers to ASRM use (8 
items). In the first section, athletes rated statements on the perceived roles of an ASRM 
on a 5-point Likert scale (does not correspond at all to corresponds exactly). Each 
statement reflected a previously identified theme which are described in detail by Saw 
and colleagues (2015b). Briefly, these themes were: record (recording of training, 
related practices, wellbeing, and doing so over the long-term); review (evaluating 
progress, identifying potential problems, and understanding individual responses to 
training); contextualise (combining data with previous knowledge and other data, 
communicating with others, and determining how to act); and act (feedback to the 
athlete and coach, indicating whether to adjust training or seek further assistance, and 
assisting with the optimisation of practices and avoidance of negative outcomes). The 
following two sections sought to identify the importance of previously identified 
factors of the measure and social environment (Saw et al. 2015a), rated on a 5-point 
Likert scale (not at all important to very important). Factors of the measure were: 
design (mode, accessibility, compatibility, and interface); content (questions and 
scales); time (time burden and timing of completion); and output (data output and 
analysis). Factors of the social environment were: athlete buy-in (education, feedback 
and familiarity); others buy-in (coach and support staff, key personnel, and peer 
influence); and assurance (reminders, reinforcement and data security). In the final 
section, factors of the measure (design, content, time, output) and social environment 
(athlete buy-in, others buy-in, assurance), along with disengagement from sport (e.g., 
injury, end of season), were ranked from most-likely (1) to least-likely (8) to interfere 
with compliance. A not applicable option was available for the first three sections. All 
sections also included an optional open text field which invited athletes to provide 
additional roles, influencing factors and comments applicable to the particular section.
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6.2.4 Statistical analyses
Athletes were grouped by participation level, whether they participated in an 
individual or team sport, and whether they used an ASRM on their own accord or 
under the direction of their coach or sports program. Compliance at weeks 4, 8, 12 and 
16 were calculated as the percentage of the number of entries over the preceding 28 
days. Median scores were calculated for each theme. Analysis of variance for each 
theme were performed between independent athlete subgroups using the Kruskal-
Wallis (participation levels of individual sport athletes) and Mann-Whitney U 
(individual and team sport athletes; self-directed and supported team sport athletes) 
tests in SPSS (Version 22.0. Armonk, NY: IBM Corp.). Statistical significance was 
set at p<0.05. Repeated Wilcoxon Signed Rank Tests were used to determine the 
relative orders of themes. Bonferroni adjustments were used to set statistical 
significance at p<0.008 for perceived roles of ASRM and factors of the measure, 
p<0.017 for factors of the social environment, and p<0.002 for ranking the factors of 
the measure and social environment. Additional comments provided by athletes were 
analysed for emergent themes by coding and grouping themes using an iterative 
process. Only themes which offered novel insight beyond those already identified and 
rated were included.
6.3 Results
Athlete perceptions of ASRM at baseline varied greatly, with athletes rating an ASRM 
as essential to not at all essential to them, and that they were very likely to very unlikely 
to use an ASRM. Median ratings for all athletes centred on the middle impartial 
response option, however differences were noted between sport contexts. Individual 
sport athletes responded that they were more likely to use an ASRM compared to team 
sport athletes (p=0.001). Individual sport athletes distinguished themselves from team 
sport athletes by being more motivated to monitor themselves (p<0.001) and less 
motivated to use an ASRM for the benefit of a coach or other staff (p<0.001). Within 
the team sport athletes, those who were self-directed similarly distinguished 
themselves from those who were supported by being more motivated to monitor 
themselves (p=0.019) and less motivated to use an ASRM for the benefit of a coach or 
other staff (p<0.001).
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6.3.1 Uptake and compliance
Uptake across the 131 athletes was 53%, with 15 athletes (11%) choosing not to create 
an ASRM account, and a further 46 (35%) creating an account but not attempting to 
use the ASRM. Uptake across all self-directed athletes was approximately 50%, 
compared to an uptake of 80% amongst supported athletes. There was no difference in 
baseline perceptions of how essential an ASRM was and how likely an athlete was to 
use an ASRM between athletes who did and did not attempt to use the ASRM. 
However, between self-directed and supported athletes who did attempt to use the 
ASRM, self-directed athletes tended to perceive an ASRM as more essential 
(p=0.059), and reported that they were more likely to use the ASRM (p=0.001).
For the 70 athletes who attempted to use the ASRM, compliance was highly variable, 
with a mean and standard deviation of 42.5 ± 43.5% across all time points (Figure 6.1). 
Individual sport athletes experienced a drop in compliance at week 16 (p=0.015), 
particularly amongst the recreational athletes (p=0.007). Team sport athletes were 
more compliant than individual sport athletes at all time points (week 4 p=0.043, week 
8 p=0.001, weeks 12 and 16 p<0.001). Within team sport athletes, supported athletes 
were more compliant than self-directed athletes at all time points (p<0.001), with a 
mean compliance of 83.6 ± 21.2%.
6.3.2 Perceived roles
The roles of an ASRM which best corresponded to the perceptions of athletes were 
primarily to review data, followed by recording and acting upon data, with 
contextualising data corresponding the least (Figure 6.2). Individual sport athletes 
rated recording (p=0.035) and reviewing (p=0.030) data higher than team sport 
athletes. Within individual sport athletes, there were no difference in ratings across 
participation levels. Similarly, there was no difference between self-directed and 
supported team sport athletes, however a tendency for supported athletes to rate 
contextualisation higher approached significance (p=0.058). Other roles nominated by 
athletes included goal setting, and using the measure as a checklist of goal behaviours 
and achievements. Four athletes also commented in their free text responses that 
ASRM use had psychological benefits such as increasing motivation and helping to 
keep a positive mindset. Other athletes noted a sense of accountability, and desire to 
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share or compare their efforts with others. Each of these additional roles were raised 
by athletes of different sports, levels and settings without apparent pattern.
Figure 6.1 Compliant use of an athlete self-report measure over 16 weeks for all 
athletes who attempted use (n=70), individual sport self-directed athletes (n=41), team 
sport self-directed athletes (n=8), and team sport supported athletes (n=21). * 
difference compared to all athletes, † difference compared to individual self-directed 
athletes, ‡ difference compared to team sport self-directed athletes, § less than at week 
4 (p<0.05). Data presented as mean ± SD.
Figure 6.2 Box and whisker plot for the perceived role of an athlete self-report 
measure across all athletes (n=131). * corresponds more for individual compared to 
team sport athletes (p<0.05).
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6.3.3 Influencing factors
In regards to factors of the measure, design and content were most important across all 
athletes, followed by output, with time required to complete the measure the least 
important (Figure 6.3). Content was more important for individual compared to team 
sport athletes (p=0.003), and also for self-directed over supported team sport athletes 
(p<0.001). Within individual sport athletes, there were no difference in ratings 
between athletes of different participation levels. Several athletes objected to manual 
data entry of training information which was already recorded on another device such 
as a heart rate or global positioning system data. One athlete commented that if this 
were automated, they would be able to direct more time towards entering other 
information such as their wellbeing. Other desired features raised by individual sport 
athletes included the ability to enter any additional information, and to easily view and 
share data, potentially through the incorporation of social networking.
In regards to social environmental factors, athlete buy-in was most important across 
all athletes (Figure 6.4). Team sport athletes rated buy-in of others higher than 
individual sport athletes (p=0.007). There was no difference between individual sport 
athletes of different participation levels, nor between self-directed and supported team 
sport athletes. However, a trend for self-directed athletes to rate athlete buy-in higher 
approached significance (p=0.053).
Factors of the measure were more likely than those of the social environment to 
interfere with compliant and accurate ASRM completion (Figure 6.5). Time, design, 
content and output all ranked highly, of which only time was significantly higher than 
output. Disengagement from sport was the next most likely factor, followed by the 
buy-in of athletes and others, with assurance ranked lowest. Individual sport athletes 
placed a greater emphasis on the design (p=0.006) and time burden (p=0.022) of the 
measure compared to team sport athletes, whilst team sport athletes placed more 
emphasis on output (p=0.014) and athlete buy-in (p=0.003). Compared to self-directed 
athletes, supported athletes also emphasised output (p=0.001) and athlete buy-in 
(p=0.040). Athlete buy-in received greater emphasis from recreational compared to 
higher-level athletes (p=0.045). Other barriers raised in the free-text comments 
included technical difficulties, and being too arduous to set up in the first place, 
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particularly for self-directed athletes. Some athletes preferred to maintain use of 
established methods for familiarity or data continuity, whilst others were keen to adopt 
the latest technology and software.
Figure 6.3 Box and whisker plot for the importance of factors related to the measure 
across all athletes (n=131). * more important for individual compared to team sport 
athletes, † more important for self-directed compared to supported athletes (p<0.05).
Figure 6.4 Box and whisker plot for the importance of factors related to the social 
environment across all athletes (n=131).* more important for team sport compared to 
individual sport athletes (p<0.05).
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Figure 6.5 Box and whisker plot for the likelihood of factors to interfere with 
compliance across all athletes (n=131). * more likely to interfere for individual 
compared to team sport athletes, † more likely to interfere for team sport compared to 
individual athletes, ‡ more likely to interfere for supported compared to self-directed 
athletes, § more likely to interfere for recreational compared to higher-level athletes 
(p<0.05).
6.4 Discussion
Self-report measures are an accessible tool with potential to benefit athletic preparation 
and performance, provided athletes are compliant users (Coutts & Cormack 2014;
Halson 2014; Meeusen et al. 2013). The present study aimed to characterise the uptake 
and compliance of a newly implemented ASRM, and investigate how perceptions and 
factors influencing ASRM implementation may differ across sport contexts. The 
interest in ASRM was evident from initial recruitment. However, of those athletes who 
completed the study, uptake and compliance was poor for self-directed athletes, yet 
considerably higher for supported athletes. Participation in an individual or team sport, 
or at a higher or lower participation level had little apparent effect on uptake and 
compliance. Therefore, discussion will focus on implementation in self-directed and 
supported sport contexts.
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The observed uptake and compliance with an ASRM may be explained using the 
theory of approach-avoidance conflict (Dollard & Miller 1950). According to this 
theory, an athlete may pursue the appealing goal of using an ASRM to improve their 
athletic performance, yet as they approach this goal, the strength of unappealing factors 
increases (e.g., realisation of the effort required). If the unappealing factors outweigh 
the appeal, the athlete will discontinue or revert in their approach. In the present study, 
both appealing and unappealing factors of ASRM implementation were investigated. 
The presence and relative importance of these factors were notably different between 
self-directed and supported sport contexts.
For self-directed athletes, the appeal of improved training management must be 
balanced against the effort required to not only record data, but also to interpret and 
act upon the data. To comply with an ASRM, self-directed athletes must be 
intrinsically motivated, and gain pleasure from exploring and potentially learning 
something new from the process (Pelletier et al. 1995). Therefore, the content of an 
ASRM was rated as particularly important for these athletes. Self-directed athletes 
reported that they wanted a measure which could be customised to accommodate any 
data which they felt was relevant to their preparation, and not be burdened by input 
they felt was irrelevant. The effort dictated by the design and time burden of the ASRM 
became more important for sustained use. This agrees with the experiences of the 
general population, whereby self-directed users of mobile health and fitness 
applications rated time and difficulty as the top reasons to discontinue use (Mobiquity 
2014). Therefore, a measure should seek to maximise interest and minimise burden to 
gain initial and ongoing compliance from self-directed athletes.
For supported athletes, the burden of completing an ASRM is more likely to be 
outweighed by the appeal of using an ASRM, such as improved communication with 
staff, coordinated training management, and ultimately improved performance (Saw 
et al. 2015b). In some supported settings, the appeal may also relate to avoiding 
negative consequences of non-compliance (Saw et al. 2015a). In light of a lack of 
intrinsic motivation, buy-in and data output were less important to initiate ASRM use. 
However, these factors became more important to sustain use. Athlete buy-in may 
inherently develop with ongoing use as athletes start to appreciate the importance to 
their preparation (Berglund & Safstrom 1994). The provision of data output, including 
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feedback from staff, may also serve to facilitate buy-in (Saw et al. 2015a). The buy-in 
of others, in particular the coach and other influential personnel of a sports program, 
is therefore necessary to encourage initial use and provide feedback to foster the 
development of buy-in amongst supported athletes.
Another key consideration for supported athletes is that their data is accessible by their 
coach and potentially several other staff involved in a sports program. Previous 
research amongst supported elite athletes has highlighted concerns of who had access 
to their data, and implications of how they may be perceived and compared against 
other athletes (Saw et al. 2015a). Yet surprisingly, supported athletes in the present 
study were no more concerned than self-directed athletes about assurance of data being 
secure and not misused. The apparent lack of particular concern of assurance amongst
supported athletes in the present study may simply reflect a lower relative importance 
compared to the other factors of the measure and social environment. Alternatively, a 
positive social environment may have abated any need for concern, with athletes not 
considering or being aware of any potential misuse of data in the first 16 weeks of use.
Potential issues with the security of data also extend to all ASRM users, with the use 
of online ASRM introducing additional data security issues including possible
exploitation by external parties (Lupton 2014). Privacy concerns have been identified 
as a key barrier to the use of mobile health and fitness applications by the general 
population (Mobiquity 2014). Yet across all athletes in the present study, such 
concerns were ranked as least likely to interfere with ASRM use. Regardless of 
whether this response reflects a lack of concern or a lack of awareness by athletes, this 
important aspect deserves due consideration by ASRM software providers.
A further consideration for ASRM software providers is the content of an ASRM. The 
present study demonstrated self-directed athletes desired an ASRM which is 
customisable to their sport, interests and intended purpose. This preference has also 
been noted amongst high-level sports programs (Gastin et al. 2013; Kavaliauskas 
2010; Taylor et al. 2012). Whilst sports programs have the benefit of staff with 
experience and expertise to guide customisation, such an approach may be at the 
expense of validity and reliability. Customisation may also disrupt data continuity and 
applicability to improving knowledge and practice. Therefore, careful consideration is 
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required by ASRM providers to determine the extent to which their software enables 
customisation, and by ASRM users before proceeding with such customisation. 
Further research into the content of ASRM for applied practice is also necessary.
Athletes also expressed a desire for an ASRM to be compatible with other sources of 
athlete monitoring data. This is consistent with recommendations that ASRM be 
employed alongside more traditional monitoring such as training, performance and 
physiological measures (Coutts & Cormack 2014; Halson 2014; Kellmann 2010;
Twist & Highton 2013). Recent advances in consumer technology present additional 
data sources which athletes may employ such as wearable devices (e.g., sleep/activity 
monitor, heart rate monitor, global positioning system device) and mobile health and 
fitness applications. Furthermore, supported athletes may also have data inputted by 
their coach and other support staff as part of an integrated approach to athletic 
preparation (Verhagen & Bolling 2015). Therefore, it is recommended that ASRM 
enable collation and analysis of athlete monitoring data from multiple sources to 
provide a more comprehensive overview of an athlete’s preparation.
A strength of this research is the diverse athlete sample and naturalistic observation 
approach. However, a low response rate to the survey after 16 weeks may have 
introduced a sampling bias, perhaps favouring those who were either engaged with the 
ASRM provided, or had particularly strong views as to why they chose not to. 
Nevertheless, the survey sought athlete’s experiences with ASRM, which were not 
exclusive to the ASRM provided, and demonstrated key considerations for ASRM 
implementation.
6.4.1 Practical implications
The findings of the present study have practical implications for providers of ASRM 
software, and coaches or sports programs who wish to implement an ASRM amongst 
their athletes. Providers of ASRM software should consider the requirements of their 
target market. An ASRM targeted to individual athletes to enable self-monitoring 
should be tailored, or enable customisation, to be specific to an athlete’s sport so that 
the content is highly relevant. Attention to detail is necessary to minimise the time and 
effort required of athletes to input data. This may include automation and linking with 
data from another source. Similarly, data output should be simple yet meet the different 
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needs of athletes, whether it be an uncomplicated overview for interest, or enable more 
in-depth analysis. For an ASRM targeted to a sports program, data output should meet 
the needs of the staff, however data output for the athlete should not be overlooked.
For coaches or sports programs implementing an ASRM, social-environmental factors 
should be addressed such that athletes and staff understand and buy-in to the process 
in order to foster ongoing use. In these settings, it is also important that athletes are 
assured that their data will not be mishandled. An environment which supports 
compliant completion by athletes over the long-term presents the greatest potential 
benefit to athlete preparation for both the individual and sports program.
6.5 Conclusion
The present study illustrates the intricacies of achieving compliant use of an ASRM. 
Athlete perceptions and experiences with ASRM are highly varied, yet there are some 
commonalities within sport contexts. Implementation should therefore be tailored to 
the sport context such that the appeal of using an ASRM is increased, and unappealing 
factors are minimised. In particular, ensuring the measure meets the needs of self-
directed athletes with minimal burden, and that supported athletes perceive value from 
data output. However, these generalisations are made with caution, acknowledging the 
considerable individual variation across the sample and within each subgroup. It is 
important to determine the perceived role and importance of implementation factors 
of a particular athlete or group of athletes prior to implementation.
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Chapter 7:
Self-regulation
Effect of a newly-implemented self-report measure on athlete self-regulation
The content of this chapter is presented as per the manuscript currently under review:
Saw, A.E., Main, L.C., Robertson, S.J., & Gastin, P.B. Effects of a newly implemented 
self-report measure on athlete self-regulation.
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Abstract
Self-regulation of performance-related behaviours is necessary for consistent, 
successful athletic performance. The act of completing an athlete self-report measure 
(ASRM) may lead to improved performance-related behaviours by facilitating the 
cyclical process of self-regulation. The purpose of the present study was to observe the 
effect of a newly implemented ASRM on an athlete’s ability to self-regulate, as 
reflected by the factors of mindfulness, satisfaction, motivation, and confidence. 
Athletes (n=193) had access to an ASRM for 16 weeks and completed an online survey 
at baseline, weeks 4, 8 and 16. Generalised estimating equations were used to evaluate 
the associations between ASRM compliance and outcome measures. Compared to 
baseline, a temporary decrease in satisfaction and intrinsic motivation was observed at 
week 4, whilst confidence was improved at all time points. These responses were more 
favourable for expert athletes, and individual sport athletes who were using an ASRM 
in an unsupported, self-directed way. It is possible that an ASRM may be useful to 
facilitate self-regulation through an increase in confidence. However, an athlete’s 
social context, and to a lesser extent expertise, may influence their efficacy.
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7.1 Introduction
To achieve consistent, successful performance, an athlete must effectively self-
regulate their performance-related behaviours (e.g., training, nutrition, recovery, 
mental preparation) (Durand-Bush & Salmela 2002). The act of completing an athlete 
self-report measure (ASRM) has anecdotally been suggested to improve an athlete’s 
ability to self-regulate their behaviours (Botterill & Wilson 2002; Kellmann 2002;
Kenttä & Hassmén 2002; Norris & Smith 2002; Saw et al. 2015c; Toering et al. 2013).
However, as yet, there is no empirical evidence to support an effect of ASRM use of 
self-regulation. Given the popularity of ASRM in athletic preparation (Taylor et al. 
2012) and a demonstrated ability to reflect the training response (Saw et al. 2015b),
the potential for an ASRM to assist an athlete to improve their behaviours is an 
important role which warrants investigation. Additionally, this presents a potential 
opportunity for athletes to benefit from ASRM use independent of input from a coach 
or support staff, which has not been previously considered in the literature.
There is considerable theoretical support for an ASRM to improve an athlete’s ability 
to self-regulate. From a social cognitive perspective, self-monitoring is an essential 
component of self-regulated behaviour change (Baumeister & Vohs 2004). Self-
monitoring involves systematic and continuous observation of target behaviours, and 
forms a key component of a negative feedback loop for behaviour change 
(Kirschenbaum 1984). This feedback loop has been described by Zimmerman (2006)
as consisting of three phases: performance, self-reflection, and forethought. The 
performance phase of self-regulation encapsulates self-generated behaviours, with 
self-monitoring drawing deliberate attention to these. During the phase of self-
reflection, an individual evaluates the congruity between their actual and ideal 
behaviours. This assessment will thereby influence the phase of forethought, and in 
turn, the subsequent performance phase. These phases provide a theoretical foundation 
for how an ASRM may facilitate self-regulation in athletes.
Conceptually, an ASRM provides an athlete with a structured approach to self-
monitoring performance-related behaviours. The intention to self-monitor behaviours 
may draw upon mindfulness skills to act, observe, and describe behaviours with 
awareness (Baer et al. 2004). In response to self-monitoring, an athlete may then 
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engage in the phase of self-reflection by evaluating their behaviour against personal 
standards. Personal standards are formed from various influences such as previous 
performance, instruction from their coach, and other athletes (Bandura 1991). The 
outcome of this evaluation will determine whether or not an athlete is satisfied with 
their behaviours, and thereby influence the phase of forethought. Forethought depends 
upon an athlete’s motivation to apply effort and perseverance with an improved 
behaviour, and also their confidence in their ability to do so successfully (Bandura 
1991). Motivation and confidence then promote behavioural adjustments towards an 
athlete’s ideal in an endeavour to improve their athletic performance (Bandura 1991).
The nature of this feedback loop suggests that the ability of an athlete to self-regulate 
not only depends upon an athlete’s existing mindfulness skills, satisfaction, 
motivation, and confidence, but may also serve to improve these factors.
Existing self-regulatory skills may be inferred from an athlete’s participation level, 
with greater self-regulatory skills associated with higher levels of sport participation 
(Cleary & Zimmerman 2001). Self-reflection is enhanced in expert athletes who 
evaluate both performance processes and outcomes and attribute poor performance to 
controllable factors which they may then act upon (Cleary & Zimmerman 2001; Jonker 
et al. 2010; Kitsantas & Zimmerman 2002; Toering et al. 2012; Toering et al. 2009).
Expert athletes engage in more effective forethought, having more specific and 
process-orientated goals (Cleary & Zimmerman 2001; Jonker et al. 2010; Kitsantas & 
Zimmerman 2002), and seek social assistance from their coach or peers when required 
(Kitsantas & Zimmerman 2002). Experts also have a greater perceived value of their 
sport participation (Bandura 1991; Kitsantas & Zimmerman 2002) and willingness to 
invest effort in improving behaviours (Anshel & Porter 1996; Toering et al. 2009).
Whilst it is unclear whether greater self-regulatory skills facilitate the development of 
sporting expertise, or are the result of expert practice (Jonker et al. 2010), these factors 
suggest that higher-level athletes may be at an advantage for using an ASRM for self-
regulation.
It is possible to develop self-regulatory skills by personal discovery, however this may 
be tedious, frustrating and less effective (Zimmerman 2000). Alternatively, self-
regulatory skills may be initially conveyed by modelling and instruction from coaches, 
support staff, and peers (Zimmerman 2000). ‘Co-regulation’ describes the interactions 
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with others that temporarily facilitate self-regulation until the athlete is able to self-
regulate independently (Collins & Durand-Bush 2014). The provision of co-regulation 
has been effectively combined with the reflective practices of journaling to improve 
athlete self-regulation, performance, and wellbeing (Dubuc-Charbonneau & Durand-
Bush 2015). Therefore, the presence of social support to assist an athlete to use their 
ASRM for self-regulation may potentially be more effective than use of an ASRM 
alone.
In summary, there is theoretical support for the use of an ASRM to improve an 
athlete’s ability to self-regulate their performance-related behaviours. From the limited 
literature on self-regulation in athletes, it is possible that athletes of a higher-
participation level, and those with social support, may be better equipped to realise the 
potential benefit of an ASRM for self-regulation. The purpose of the present study was 
to observe the effects of a newly implemented ASRM on an athlete’s ability to self-
regulate, using Zimmerman’s (2006) three-phase model as a theoretical foundation. 
Specifically, the phase of performance was evaluated by assessing changes in 
mindfulness skills, the phase of self-reflection by satisfaction with athletic practices, 
and the phase of forethought by assessing sport motivation and confidence. 
Furthermore, changes in these processes were also compared across athletes of 
different participation levels, and athletes in different social context.
7.2 Methods
7.2.1 Participants
The study procedures were approved by the university human ethics advisory group. 
Athletes volunteered to participate in response to advertisements promoted by their 
sporting organisation, by one of two scenarios. The first scenario involved sporting 
organisations who were new clients of the ASRM provider, whereby athletes were 
supported by their coach or other staff to use the ASRM (termed ‘supported’). The 
second scenario invited participation from athletes, with the incentive of free access to 
the ASRM for 16 weeks. These athletes received no external support or encouragement 
to use the ASRM (termed ‘self-directed’).
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Of the 393 athletes who completed the baseline measures, 193 (49%) returned to 
complete one or more follow-up surveys and are included in the analyses. There were 
no significant differences in the characteristics of athletes who are included compared 
to those who dropped out. Included athletes were aged between 16 and 73 years (32.9 
± 14.3) and included 117 males (61%) and 76 females (39%). Countries represented 
included Australia (70%), New Zealand (26%), and other (4%). Only 15 athletes (8%) 
had any previous experience with an ASRM, whilst 113 (58%) had used a training 
record and 65 (34%) had used neither. Athletes reported their participation level as 
recreational (n=35, 18%), or competing at a club or university (n=73, 38%), regional 
(n=48, 25%), national (n=27, 14%), or international (n=10, 5%) level. Individual sport 
athletes were all self-directed in their ASRM use (n=125, 65%), whilst team sport 
athletes were either self-directed (n=25, 13%) or supported by their sporting 
organisation (n=43, 22%).
7.2.2 Athlete self-report measure
The ASRM provided to all athletes (Metrifit, Health and Sport Technologies Ltd., 
Greenore, Ireland) was web-based with mobile device compatibility. The 
comprehensive measure enabled monitoring of training details including evaluation of 
perceived exertion and own performance, and also a specific area for monitoring 
rehabilitation exercises. Wellbeing measures of mood state, sleep quality, sleep 
duration, energy levels, muscle readiness, and appetite were rated on 5-point sliding 
scales, with additional areas to record resting heart rate, body weight and details of any 
injury or illness. These items incorporate elements of previous recommendations 
(Hooper & Mackinnon 1995), and more extensive measures in the literature (e.g., 
Recovery Stress Questionnaire for Athletes (Kellmann & Kallus 2001), Daily 
Analyses of Life Demands of Athletes (Rushall 1990)). This is also reflective of 
ASRM currently used in practice (Gastin et al. 2013; Taylor et al. 2012). Full 
compliance with this specific measure required athletes to enter details for both 
training and wellbeing, with wellbeing to be completed on a daily basis. The software 
also enabled recording of nutrition, competition and fitness test details, goal setting 
and training planning. Operational features included optional automated reminders to 
prompt compliance, and generation of reports with graphs. Athletes received 
instruction on how to use the program and could utilise the online support feature.
159
Self-regulation Chapter 7
7.2.3 Survey instruments
Mindfulness Skills
The Kentucky Inventory of Mindfulness Skills (KIMS) (Baer et al. 2004) consists of 
39 items addressing four factors of mindfulness skills (observe, describe, act with 
awareness, and accept without judgement). All statements (e.g., ‘I notice when my 
moods begin to change’) are rated on a 5-point Likert scale from 1 (Never or very 
rarely true) to 5 (Very often or always true). Good internal consistency and reliability 
of subscales has been demonstrated previously (Baer et al. 2004). Considered together, 
the subscales provide a global dimension of mindfulness (Baer et al. 2004; Kuyken et 
al. 2010). The Cronbach’s alpha internal reliability coefficient for the combined 
subscales in the present study was 0.61.
Athlete Satisfaction
The complete Athlete Satisfaction Questionnaire (ASQ) (Riemer & Chelladurai 1998)
consists of 56 items for 15 subscales. In light of the overall burden on athletes, and 
relevance to the research question, two of these subscales (7 items) were selected to 
measure an athlete’s satisfaction with their own practices (individual performance, 
personal dedication). Each item was rated on a 7-point Likert scale from 1 (Not at all 
satisfied) to 7 (Extremely satisfied). Good internal consistency has been demonstrated 
for each subscale (Riemer & Chelladurai 1998). The Cronbach’s alpha for the 
combined subscales in the present study was 0.77.
Sport Motivation
The Sport Motivation Scale (SMS) (Pelletier et al. 1995) consists of 28 items for 7 
motivation subscales. Three subscales measure intrinsic motivation (to know, toward 
accomplishments, and to experience stimulation), three subscales measure extrinsic 
motivation (external regulation, introjection, and identification) and a further subscale 
measures amotivation. In response to the question ‘Why do you practice your sport?’
athletes respond to statements on a 7-point Likert scale from 1 (Does not correspond 
at all) to 7 (Corresponds exactly). Each subscale has demonstrated acceptable-good 
internal consistency (Pelletier et al. 1995). For the present study, Cronbach’s alpha for 
intrinsic and extrinsic motivation were 0.83 and 0.71 respectively.
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State Sport-Confidence
The State Sport-Confidence Inventory (SSCI) (Vealey 1986) consists of 13 items and 
asks athletes to reflect on how confident they are feeling right now about an upcoming 
competition or event. Athletes are also asked to compare themselves to the most self-
confident athlete they know and respond on a 9-point Likert scale from 1 (Low) to 9 
(High). Excellent internal consistency and adequate concurrent validity has been 
demonstrated (Vealey 1986).
Additional questions
The baseline questionnaire included demographic questions such as date of birth, 
gender, sport and participation level. Athletes also rated three statements on why they 
used or intended to use an ASRM (it is required by their coach or sports program; 
because other athletes do; to monitor themselves) (5-point Likert scale from does not 
correspond at all to corresponds exactly). At each time point, athletes were asked to 
rate the current volume and intensity of their current training phase (5-point Likert 
scales from very low to very high), how long until their next competition, and details 
of any injury or illness sustained during the previous 4 weeks. These factors reflect 
stressors experienced by an athlete, and also any interruptions to preparation which 
may have affected both ASRM compliance and psychological state. Athletes were also 
asked to provide details of any other ASRM they had used previously, and also any
they were currently using, as this may also have affected compliance and the ability to 
attribute any self-regulatory changes to the ASRM investigated in the present study.
7.2.4 Procedure
Athletes were informed of the study requirements and that the study was looking at 
how using an ASRM may help them, however the specific research question was not 
disclosed to avoid introducing bias. Athletes were also informed of the independence 
of the research from the ASRM provider and their sporting organisation. The
researchers provided no instruction regarding use of the ASRM, allowing athletes to 
decide whether to use the ASRM, and if so to what extent.
An electronic survey (QuestionPro Inc., Seattle, WA) was created to incorporate the 
four survey instruments (KIMS, ASQ, SMS, SSCI) plus the additional questions. 
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Athletes who completed the baseline survey were contacted via email at weeks 4, 8 
and 16, with up to three reminders sent as necessary. Athletes were allowed one week 
within which to complete the required survey at each time point. The time points were 
intended to capture the initial phase of ASRM use where athletes get used to the 
measure (week 4), and a latter phase once habits had potentially formed (weeks 8 and 
16).
7.2.5 Analysis
Compliance was calculated as a percentage of ASRM wellbeing entries over the 
preceding 28 days. Athletes who entered data more than once per day could thus 
exceed 100%. Training load was inferred from the product of volume and intensity 
ratings (potential range 1-25 arbitrary units). Quasi-subgroups for expertise were 
inferred from reported participation levels in-line with previous classifications 
(Kitsantas & Zimmerman 2002; Toering et al. 2009). Athletes competing at a national 
or international level were classified as ‘experts’, those competing at a club, university 
or regional level were classified as ‘non-experts’, and recreational athletes were 
classified as ‘novices’.
Descriptive statistics (mean, standard deviation) were calculated for each outcome 
measure and time point for all athletes, and also for each subgroup of expertise (novice, 
non-expert, expert) and social context (individual sport and self-directed, team sport 
and self-directed, team sport and supported). Generalised estimating equations were 
used to evaluate the association between compliance and outcome measures at weeks 
4, 8 and 16. Outcome measures were normally distributed, hence an identity link 
function and exchangeable correlation structure were used. Previous use of an ASRM, 
concurrent use of a different ASRM or training record, training load, time to 
competition, and injury or illness were controlled for in the models. The quasi-
likelihood under the independence model criterion (QIC) was used to describe the fit 
of each model (Pan 2001), with lower values indicating a better fit. Analyses were 
performed using the Generalised Estimating Equations procedure in SPSS (Version 
22.0. Armonk, NY: IBM Corp.). Statistical significance was set at p<0.05 for all 
models.
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7.3 Results
Differences in reported baseline self-regulatory abilities were noted between athletes 
of different expertise, but not between athletes of different social contexts. Experts 
reported a mean confidence which was approximately 7% higher than non-experts 
(p=0.029), and 10% higher than novices (p=0.021). Non-experts reported a mean 
extrinsic motivation which was approximately 4% higher than novices (p=0.023), and 
satisfaction which was approximately 5% higher than novices (p=0.017). In regards to 
reasons for using an ASRM, there were no differences in how athletes of different 
expertise approached an ASRM. There were, however, notable differences between 
supported and self-directed athletes, with supported team sport athletes rating use for 
their coach or sports program approximately 39% higher than self-directed individual 
athletes (p<0.001), and approximately 46% higher than self-directed team sport 
athletes (p<0.001). Self-directed individual sport athletes rated a desire to monitor 
themselves approximately 20% higher than supported team sport athletes (p<0.001).
Compliance with the ASRM ranged from 0 to 175% over the course of the study, with 
some athletes entering data into their ASRM more than once per day. There were no 
differences in compliance and training load across each time point, with a mean 
compliance of 21.9 ± 37.5%, and training load of 11.1 ± 4.1 arbitrary units throughout 
the study. Throughout the study, the percentage of athletes using another ASRM 
ranged from 0.8-1.8%, and those who recorded their training elsewhere ranged from 
52.4-57.0%. At week 4, 9.7% of athletes had experienced an injury or illness which 
prevented them from training for any period during the previous 4 weeks, and 26.1% 
experienced an ailment which required them to modify training. These incidences were 
respectively 13.4% and 23.6% at week 8, and 7.2% and 26.4% at week 16. Each of 
these observations are controlled for in the following results.
Across all athletes (Table 7.1), satisfaction (p<0.001) and intrinsic motivation 
(p<0.001) decreased at week 4, although were recovered by week 8. Confidence was 
improved at weeks 4 (p=0.034), 8 (p=0.004), and 16 (p=0.021).
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Table 7.1 Effect of self-report measure use on factors reflecting the ability to self-regulate over 16 weeks for all athletes (n=193).
Week 4 Week 8 Week 16
QIC Intercept Std. 
Error
Estimate Std. 
Error
p-value Estimate Std. 
Error
p-value Estimate Std. 
Error
p-value
Mindfulness 53.9 3.043 0.034 0.001 0.001 0.978 -0.001 0.001 0.957 -0.001 0.001 0.577
Satisfaction 132.9 3.608 0.061 -0.005 0.001 <0.001** 0.001 0.001 0.428 -0.001 0.001 0.558
Intrinsic motivation 131.1 3.616 0.064 -0.006 0.001 <0.001** -0.001 0.001 0.322 -0.001 0.001 0.361
Extrinsic motivation 143.4 3.109 0.062 0.001 0.001 0.503 -0.001 0.001 0.637 0.002 0.001 0.172
Amotivation 171.0 1.619 0.067 -0.001 0.002 0.556 0.001 0.002 0.500 0.003 0.002 0.096
Confidence 615.6 5.967 0.142 0.005 0.002 0.034* 0.007 0.002 0.004* 0.005 0.002 0.021*
* p<0.05, ** p<0.001
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Both expertise and social context had an effect on response patterns for satisfaction, 
intrinsic motivation, and confidence (all p<0.001). Compared to novice athletes, non-
experts (p=0.023) and experts (p<0.001) experienced less of a decrease in satisfaction 
at week 4, whilst experts experienced less of a decrease in intrinsic motivation at week 
4 (p<0.001). Also compared to novice athletes, experts experienced a greater increase 
in confidence at week 4 (p=0.012). Compared to self-directed team sport athletes, self-
directed individual sport athletes experienced less of a decrease in satisfaction at week 
4 (p<0.001), and more of a decrease in intrinsic motivation at week 4 (p<0.001). Self-
directed individual sport athletes also experienced a greater increase in confidence at 
weeks 4 (p=0.003), 8 (p=0.001) and 16 (p<0.001).
7.4 Discussion
The self-regulation of performance-related behaviours is integral to consistent, 
successful athletic performance. The use of an ASRM for self-monitoring theoretically 
has the capacity to facilitate positive behaviour change. The present study evaluated 
the effect of a newly-implemented ASRM on factors of self-regulation, using 
Zimmerman’s (2006) three-phase model as a theoretical foundation. The phase of 
performance was evaluated by assessing changes in mindfulness skills, the phase of 
self-reflection by satisfaction with athletic practices, and the phase of forethought by 
sport motivation and confidence.
In regards to the phase of performance, mindfulness skills were unchanged. For the 
phase of self-reflection, satisfaction with athletic practices was temporarily decreased 
at week 4. One possible reason for this decrease in satisfaction is that the act of 
completing an ASRM increased athlete awareness that their athletic practices were 
incongruent with their goal, prompting dissatisfaction. It is this initial discomposure 
which may be the necessary stimulus to promote improved behaviours. Therefore, it 
is important for athletes and coaches to be aware that athletes may experience this 
initial discomposure, however it is temporary and may precede positive outcomes. 
In regards to the phase of forethought, a temporary decrease in intrinsic motivation at 
week 4 paralleled the decrease in satisfaction, which was restored at week 8. Extrinsic 
motivation and amotivation did not change over 16 weeks. The most notable change, 
however, was increased confidence at week 4 which was maintained throughout the 
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study. An increase in confidence with ASRM use has been previously noted in 
collegiate swimmers, however was not reflected by an improvement in the particular 
behaviour (training punctuality) (Young et al. 2009). Yet even in the absence of 
behaviour change, increased confidence may lead to better sporting performance 
(Hays et al. 2009), and is therefore a potentially valuable outcome of ASRM use.
Use of an ASRM may assist the development and maintenance of sporting self-
confidence by providing a source of information for athletes to judge their abilities. 
Specifically, an athlete may gain confidence from reporting effective self-regulation 
of their mental and physical preparation (Vealey et al. 1998). Although self-confidence 
is a volatile function of several sources of information (Vealey et al. 1998), ongoing 
use of an ASRM may assist in providing some stability to the athlete state. It is 
therefore speculated that confidence would plateau with ongoing use of an ASRM. 
This may be evidenced from a loss of a significant increase in confidence at week 16
when previous experience with an ASRM was not controlled for in the model. 
However, it must be emphasised that these findings are preliminary, and further 
research is needed to determine any cause and effect to support this potential outcome
of ASRM use.
In the present study, experts were less affected by a decrease in satisfaction and 
intrinsic motivation, and experienced a greater increase in confidence at week 4. Yet 
there was no apparent advantage for experts by week 8. This observation potentially 
reflects an attainment of the necessary expertise in a relatively short period of time for 
non-experts and novices (Jonker et al. 2010; Zimmerman 2006).
In the present study, there was no apparent advantage for supported athletes to improve 
their ability to self-regulate with ASRM use. This may be attributable to the differences 
in how supported and self-directed athletes approached their ASRM use and also their 
athletic preparation. Supported athletes approached the use of an ASRM for the benefit 
of others rather than for themselves; hence they may have taken less notice and 
responsibility for their behaviours. It may also be speculated that supported athletes 
take less ownership or feel less in control of their preparation. Conversely, self-
directed athletes implementing an ASRM to monitor themselves may have been better 
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positioned to identify and commit to behaviour change. Therefore, it is not simply the 
involvement of others in the process of ASRM use, but how they are involved.
Staff should endeavour to create an environment of co-regulation rather than co-
dependence by adopting an athlete-centred philosophy (Kidman & Lombardo 2010).
Co-regulation strategies which may be employed by coaches and support staff relate 
to the three phases of self-regulation (Collins & Durand-Bush 2014; Dubuc-
Charbonneau & Durand-Bush 2015). In regards to the phase of performance, staff may 
assist an athlete to monitor their behaviours. Self-reflection may be aided by 
encouraging an athlete to be accountable for their behaviours, make effective 
judgements, and attribute errors to controllable factors. Staff may also contribute to 
the athlete’s sense of satisfaction by providing praise, positive reinforcement, and 
constructive feedback. Forethought may be aided by guiding the athlete to set goals, 
plan, select appropriate strategies, and anticipate and prepare for challenges.
The influence of the social environment also extends to fellow athletes, as in a team 
sport environment. In the present study, team sport athletes benefitted to a lesser extent
than individual sport athletes, experiencing more of an initial decrease in satisfaction, 
and less of an increase in confidence throughout the 16 weeks. One possible 
explanation is that the presence and reliance upon others in a team sport setting may 
detract from the need for self-regulation (Jonker et al. 2010). On the other hand, the 
nature of individual sports may result in athletes being more accustomed to self-
regulating their performance-related behaviours (Jonker et al. 2010).
It is encouraging that ASRM use was associated with an improved ability to self-
regulate as a result of increased confidence. However, this findings also reflects that 
athletes who had poor compliance or did not use an ASRM at all likely experienced 
‘self-regulation failure’ (Kirschenbaum 1984). Use of an ASRM may have been 
compromised by factors of an athlete’s social environment, and also factors related to 
the measure (Saw et al. 2015a).
In regards to the social environment, supporting athlete buy-in is essential (Saw et al. 
2015a). An athlete may view the purported benefits of ASRM use with scepticism, 
however this perception has been shown to become more favourable with persistent 
use (Berglund & Safstrom 1994). In supported settings, an athlete may fear 
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consequences of reporting poor behaviours in an ASRM (Saw et al. 2015a). The athlete 
may then adopt a pragmatic approach whereby they obscure poor behaviours in order 
to manage their self-presentation (Bandura 1991; Ekegren et al. 2014; Saw et al. 
2015a). Dishonest reporting of behaviours will not elicit the necessary self-regulatory 
response. Therefore, both the athlete and sporting organisation thus have roles in 
managing the social environment to encourage the effective use of an ASRM.
Athlete perceptions, and hence the self-regulatory process, may also be influenced by 
characteristics of the ASRM. For instance, questions which focus on success, and 
behaviours which are relatively easy to change, are more likely to increase confidence 
and sustained behaviour change (Bandura 1991). Monitored behaviours should also be 
specific to an athlete’s sport, goals, and participation level (Bandura 1991; Cleary & 
Zimmerman 2001; Kitsantas & Zimmerman 2002; Toering et al. 2013). Self-
monitoring should be performed regularly, in close temporal proximity to the 
behaviours being monitored, and in a supportive environment (Bandura 1991; Saw et 
al. 2015a). Collectively, the above considerations determine the quality of self-
monitoring and, in-turn, self-regulation.
As the quality of self-monitoring is an important consideration, a limitation of the 
present study is that it was not possible to determine the quality of ASRM use beyond 
compliance statistics. Additionally, the potential effect of the ASRM characteristics 
on factors of self-regulation limits the present study findings to the ASRM utilised or 
similar multidimensional, online measures. It is also important to note methodological
limitations of unbalanced athlete numbers across the different sport contexts and the 
use of self-report for evaluating outcome measures. Self-report is an informative 
method for evaluating psychosocial variables, however is susceptible to bias (Baldwin 
2000; Podsakoff et al. 2012). To minimise the risk of bias, the present study followed 
the recommendations of Podsakoff and colleagues (2012) to provide athletes with clear 
instruction and assure anonymity. Furthermore, the analytic approach evaluated intra-
individual changes over time, thus any systematic bias may have been inconsequential.
Whilst self-regulation is typically viewed in a positive light, with psychological and 
performance benefits, it would be amiss not to acknowledge potential consequences 
of dysfunctional self-regulation. Athletes who are relentless in their pursuit, and set
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unattainable standards for themselves, may experience feelings of stress, despondency, 
and self-devaluation (Bandura 1991). Individuals who are susceptible to depression 
may also misperceive or distort their performances in a negative light, or focus on their 
failures over successes, which also fuels a sense of despondency (Bandura 1991).
Therefore, whether or not ASRM use is appropriate for an athlete should be considered 
on an individual basis.
7.5 Conclusion
Athlete self-report measures may be an effective strategy to improve the ability to self-
regulate in athletes. Findings of the present study suggest that athletes using a newly-
implemented ASRM may experience a temporary decrease in satisfaction and intrinsic 
motivation initially, yet may also experience an increase in confidence that is sustained 
over 16 weeks of use. An improvement in confidence is an important and valuable 
contribution of ASRM use to athletic preparation and performance. Further research 
is needed to determine whether increased confidence may improve the complete self-
regulatory process with time. To improve the efficacy of ASRM for self-regulation, 
practitioners should consider individual factors and the provision of support. Expert 
athletes may be at an initial advantage to benefit from ASRM use, however non-expert 
and novice athletes appear to develop the necessary expertise by persisting with ASRM 
use. The presence of others, as in a supported or team sport environment, may however 
debilitate self-regulatory efforts. Hence it is important that both the athlete and 
sporting organisation invest efforts in establishing an environment which fosters 
ASRM use for self-regulation.
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8.1 Thesis summary
Athletic preparation requires careful management of performance-related behaviours 
and non-training factors in order to achieve the ultimate goal of consistent, successful 
competitive performances over the career of an athlete. Athlete self-report measures 
(ASRM) have shown promise for monitoring the training response, and identifying 
individuals that may be responding negatively to training. Combined with their 
practical advantages, ASRM are widely adopted across various sport settings. 
However, a lack of empirical evidence to support and guide the use of ASRM may be 
compromising their application. Therefore, it was identified that there was a need to 
evaluate if, and by what means, athlete self-report measures present value to athletic 
preparation.
The first stage of this thesis sought theoretical support for the ability of ASRM to 
reflect the training response. Findings of the systematic review (Chapter 3) 
demonstrated that subjective measures recorded by an ASRM typically respond with 
sensitivity and consistency to changes in training load. Various dimensions of 
subjective wellbeing (mood, perceived stress and recovery, behavioural symptoms) 
are impaired with an acute increase in training and with chronic training, and improve 
with an acute decrease in training.
The second stage of this thesis employed qualitative techniques to explore existing 
views and practices of athletes and staff in elite, supported sport settings. The process 
of ASRM use was identified to involve four cyclical steps which facilitated both day-
to-day and longer-term outcomes (Chapter 4). This process starts with an athlete 
recording their data in an ASRM, after which staff review the data, seek further context 
through communication and from other measures, and determine what action, if any, 
is appropriate. Athlete self-report measures therefore have the potential to inform 
athletic preparation, however this is dependent upon the efficacy of each step involved 
in the process.
The quality of data recorded by an athlete is dependent upon the athlete’s compliance 
and intention to respond accurately, along with the ability of the measure to obtain 
accurate data (Chapter 5). Factors of implementation which influence data quality were 
identified as relating to the measure (design, content, time, output) and surrounding 
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social environment (athlete buy-in, buy-in of others, assurance). This highlighted the 
need for a multifactorial strategy to improve ASRM implementation.
The third stage of this thesis extended upon the findings of stage two through the 
observation of a diverse athlete population from varying sport contexts. The relative 
importance of the factors of the measure and social environment on ASRM 
implementation were shown to be context-specific (Chapter 6). Athletes using an 
ASRM under the direction of a coach or sports program placed a greater importance 
on receiving feedback to build buy-in, whilst self-directed athletes emphasised the 
importance of a measure which met their needs with minimal burden.
Throughout this thesis, it became apparent that athletes could engage in a process of 
ASRM use to inform their own athletic preparation with or without the presence of 
support from staff. The process for athletes was purported to be one of self-regulation, 
involving recording data, reflecting upon the data and how well it aligned with one’s 
goals, and engaging in forethought to influence future actions. Use of an ASRM was 
associated with improved sporting self-confidence, and potentially an increased ability 
to self-regulate performance-related behaviours (Chapter 7).
8.2 Advances to the state of knowledge
In accordance with the objective of this thesis, advances to the state of knowledge 
pertain to describing in what manner ASRM benefit athletic preparation, and how 
these benefits are realised in practice.
8.2.1 Value of a self-report measure to athletic preparation
Reflect the training response 
Self-report measures present value to athletic preparation by including subjective 
measures which are responsive to training-induced perturbations to athlete wellbeing 
(Chapter 3). The ability of subjective measures to respond with sensitivity and 
consistency was superior to objective performance and physiological measures. This 
is an encouraging finding for researchers and practitioners alike as it supports the 
ongoing use of ASRM as a promising method for monitoring the training response. 
Furthermore, the systematic evaluation of individual subjective measures revealed 
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which subscales were more responsive to both acute and chronic training load (non-
training stress, fatigue, physical recovery, general health/wellbeing, being in shape), 
and that the sensitivity of subjective measures was greater when subscales were 
considered independently rather than collectively. These findings lend to empirically-
driven recommendations of what questions should be included in an ASRM, and how 
they should be interpreted.
Improve communication
Although subjective wellbeing may be indicative of the training response, 
contextualisation is a necessary intermediary step to determining any appropriate 
action (Chapter 4). Consequently, ASRM were identified as a vehicle for improved 
communication between athletes and staff, and also amongst staff. Both athletes and 
staff value the additional communication channel which enables athletes to disclose 
information which they otherwise may not have. Information recorded in an ASRM 
serves as both a prompt and invitation to discuss any concerns, whether it is the athlete 
approaching staff, or staff approaching the athlete or other staff. Additionally, staff not 
working with the athlete on a day-to-day basis can also be kept informed on what the 
athlete is doing and how they are responding. The identification of bi-directional 
communication as a key outcome of ASRM use is a novel finding not previously 
addressed in the literature.
Improve confidence
Use of an ASRM was associated with improved athlete sporting self-confidence 
(Chapter 7). This is a key finding to support the use of ASRM in athletic preparation, 
as increased confidence may facilitate self-regulation and greater athletic performance.
Furthermore, having a record of athletic preparation provides both athletes and staff 
with confidence that performance-related factors are accounted for and managed 
appropriately (Chapter 4).
Facilitate regulation of performance-related behaviours
As a result of ASRM use reflecting the training response, improving communication 
and improving confidence, athletes may become a more active and educated 
participant in their athletic preparation. The ability of an ASRM to improve athlete 
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self-regulation has previously been raised anecdotally (Botterill & Wilson 2002;
Kellmann 2002; Kenttä & Hassmén 2002; Norris & Smith 2002; Toering et al. 2013),
however this thesis provides the first empirical evidence for this important role in 
athletic preparation (Chapter 7). The process of self-regulation also supports use of 
ASRM by self-directed athletes, in the absence of support from a coach or other staff. 
This is an area of ASRM use which has received scant attention to-date.
As a result of improved communication, an ASRM may also be viewed as a vehicle to 
support co-regulation of performance-related behaviours (Chapter 4). Communication 
between staff and athletes may serve to build relationships and provide athletes with a 
greater sense of involvement and ownership of their program (Halson 2014).
Communication between staff facilitates the collaboration of different expertise and 
perspectives to develop a more coordinated approach to athletic preparation. 
Furthermore, strengthening of relationships and collaboration amongst athletes, 
coaches, and support staff may serve to enhance the belief and confidence in a training 
program (Halson 2014; Hampson & Jowett 2014).
Support athlete wellbeing
Subjective measures of physical and psychosocial wellbeing were demonstrated to 
reflect the training response of an athlete (Chapter 3). Consequently, athletes and staff 
may pay greater attention to the importance of supporting athlete wellbeing in order to 
optimise the training response and achieve performance goals. Efforts to regulate 
performance-related behaviours are therefore also directed at supporting athlete 
wellbeing (Chapters 4 and 7).
Increased athlete confidence, combined with the anticipated outcomes of increased 
communication (better relationships with staff, and a sense of involvement and 
ownership of one’s athletic preparation) may contribute to the satisfaction of an 
athlete’s basic psychological needs. Satisfaction of the basic needs of competence, 
relatedness, and autonomy enhances athlete wellbeing (Ryan & Deci 2000), and is 
associated with a reduced risk of athlete burnout (Li et al. 2013). The potential for an 
ASRM to support athlete wellbeing by contributing to the satisfaction of an athlete’s 
basic psychological needs has not been previously considered in the literature.
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8.2.2 Incorporating an athlete self-report measure into practice
Process of use
The findings of this thesis contribute to an improved understanding of the process of 
how ASRM are incorporated into athletic preparation. A conceptual model of the 
process for both the athlete and staff is presented in Figure 8.1. This model is derived 
from the process for staff identified in Chapter 4 (record, review, contextualise, act), 
and the process for athlete self-regulation investigated in Chapter 7 (performance, self-
reflection, forethought). For consistency between combined processes, planning and 
coordination by staff has been separated out from the steps of contextualisation and 
action, in line with the step of forethought for athletes. The performance step for 
athletes has been separated into act and record, with the step of record only undertaken 
by athletes. When athletes engage in self-reflection, they are placing their behaviours 
in context of their personal standards, hence the addition of contextualisation. The 
process of self-regulation may also extend beyond behaviours, with physical and 
psychosocial symptoms also typically included in ASRM. Self-reflection upon 
symptoms, such as emotions, involves contextualisation in regards to previous 
experiences and the perceived impact upon performance and wellbeing (Hanin 2007).
An athlete will then draw upon available coping strategies as part of the steps of 
forethought and action.
In sporting contexts where ASRM use is supported by staff who have access to the 
data, the processes for the athlete and staff should operate in parallel. Self-directed 
athletes are by definition primarily limited to the process for the athlete, however the 
action they take may involve seeking assistance from staff who may then engage in 
the process for staff. The step of contextualisation provides an important link to any 
other concurrent measures (external stress, internal stress, and potentially other 
measures of the training response), thereby supporting a mixed methods approach to 
athlete monitoring.
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Figure 8.1 Conceptual model of the process of ASRM use for both the athlete and 
staff.
The process of ASRM use does not appear to necessitate full compliance nor entirely 
accurate data input. The step of contextualisation by staff illustrates how applied 
practice has adapted to these challenges of ASRM implementation. However, 
improved compliance and accuracy would ensure staff are better informed, and 
conversations are prompted appropriately and in a timely manner. Greater compliance 
may also benefit athlete confidence, with the two observed to be positively associated 
(Chapter 7). Therefore, factors influencing implementation should be addressed in 
order to optimise the value of an ASRM to athletic preparation.
Factors influencing implementation
The characteristics of an ASRM and the surrounding social environment influence 
how effectively an ASRM is implemented and ultimately used. The influencing factors 
summarised in Figure 8.2 were identified in Chapter 5, and quantified in Chapter 6. In 
regards to the design of the measure, compliance is supported by technology which is 
user-friendly and readily accessible. The content of the measure dictates the perceived 
relevance, and ability to obtain accurate, meaningful data. The time burden and timing 
For the athlete For staff
Contextualise 
& self-reflect
Record
Forethought
Contextualise 
& reflect
Review
Plan & 
coordinate
Act
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of completion presents a balance between practicalities and data accuracy, whilst 
output supports both instantaneous feedback and more in-depth analyses. Each of these 
factors influence athlete buy-in, with a particular emphasis on content for self-directed 
athletes, and output for supported athletes.
Athlete buy-in is further influenced by the athlete’s understanding of the reasons for 
using an ASRM, and whether or not they have any prior experience. As athletes begin 
to use an ASRM, feedback becomes essential. For athletes who are self-directed, 
feedback is primarily provided by the output features of the measure. For athletes who 
are supported by staff who have access to their data, feedback from staff is imperative 
to sustain ongoing use. The greater social environment is particularly relevant for 
supported athletes, who are influenced by how their sports organisation, staff, and 
peers perceive and manage the process of ASRM use. Assurance that data is secure 
and will exclusively be used to benefit the athlete will also support use.
Figure 8.2 Factors of the measure (left) and social environment (right) which influence 
the implementation and process of ASRM use. * more important for self-directed 
athletes, † more important for supported athletes. Factors outlined in grey dashed line 
more applicable to supported athletes.
Assurance
Organisation
Measure
Design
* Content
Time
† Output
Staff & peers
Buy-in
Athlete
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8.3 Practical implications
The studies in this thesis have investigated an existing method of athlete monitoring 
which is widely used in applied sport settings. The findings serve to justify existing 
practices by demonstrating the value of ASRM to athletic preparation. Furthermore, 
an empirical understanding of how ASRM contributes to athletic preparation, along 
with identification of the factors influencing implementation, provides a foundation to 
strengthen existing practices. Practical implications thus pertain to the design and 
development of ASRM, sports organisation and programs, and end-users (athletes, 
coaches, sport science and medicine staff).
8.3.1 Design and development of an athlete self-report measure
This thesis has deliberately maintained a broad definition of what constitutes an 
ASRM, choosing to focus on the process of use rather than the actual data recorded by 
athletes or any diagnostic ability of ASRM. Indeed, the findings are suggestive that 
the particular measure may not be crucial, provided end-users feel that it meets their 
needs. Implications for the design and development of an ASRM therefore pertain to 
features which specifically facilitate this process of use.
Questions and design features
In regards to the scope of ASRM questions which best monitor the training response, 
findings from the systematic review demonstrated that measures of subjective mood 
disturbance, perceived stress and recovery, and symptoms of stress were similarly 
responsive to acute changes in training load. Measures of perceived stress and recovery 
were also responsive to chronic training load. As individual subscales were at least as 
responsive, if not more responsive, than whole questionnaires, it may be suggested that 
the more responsive subscales be combined to form a composite measure. The 
advantage of composite measures is that they typically evaluate a greater breadth of 
wellbeing dimensions with fewer questions overall, making them more feasible for 
frequent and ongoing athlete monitoring.
In supported sport contexts, the design of an ASRM may also be used to support 
communication with, and coordination amongst, support staff. To encourage the 
involvement of support staff, the measure may include at least one question of 
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particular relevance to each supporting discipline (e.g., a question on mood for the 
sport psychologist, soreness for the physiotherapist, and nutrition for the sport 
dietitian). Additional features such as free-text comment fields and direct messaging 
may also facilitate communication.
To facilitate self-regulation, an ASRM may allow questions to be tailored to the 
athlete’s specific goals. Automated feedback and presentation of data to illustrate 
progress will enable the athlete to easily discern the achievement of their goals. There 
is also potential for an ASRM to include an educational component related to particular 
constructs to further support self-regulation (e.g., information on sleep hygiene in 
relation to measures of subjective sleep quality and duration).
Technology
Technology should be embraced to automate or streamline processes where possible, 
and therefore minimise the burden on end-users. Subjective data should be easily 
combined with training load and other athlete monitoring data to facilitate 
contextualisation and more in-depth analysis. An online centralised database would 
enable communication and coordination amongst end-users, particularly when away 
from the home training environment. An online system provides security in the form 
of data back-up, however also raises issues of controlling data access and ensuring 
data integrity. Efforts should also be taken to minimise the risk of exploitation by 
external parties.
Frequency of completion
The use of ASRM to capture performance-related behaviours (e.g., training, sleep, 
nutrition), for the information of staff or the self-regulation of athletes, lends to the 
recommendation that an ASRM should be completed on a daily basis. Daily 
completion is also most appropriate when data is used to fine-tune training 
prescription, particularly during overtraining. The trade-off for daily completion is that 
the measure must be brief, hence the tendency for the adoption of custom measures.
Validity
The findings of this thesis, in agreement with the experiences of practitioners in the 
field (Gastin et al. 2013; Taylor et al. 2012) and staff interviewed in Chapter 4, 
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challenge the notion that an ASRM must be ‘valid’ to be useful. Sustained use in 
practice suggests a level of face validity which, combined with the step of 
contextualisation, appears to provide sufficient information to guide athletic 
preparation. However, this may not be the case for longer-term use of data, including 
applied research. A possible solution to this conflict is to supplement a brief daily 
measure with an empirically supported measure on a weekly, fortnightly, or monthly 
basis.
Applied research
Use of ASRM data for applied research has the potential to provide valuable insight 
into the training response in different athlete populations and sporting contexts. This 
may lead to improved practices for athlete monitoring and athletic preparation. 
However, there is a conflict between the demands and practicalities of applied practice,
and the more stringent requirements of research. The use of custom ASRM not only 
raises the issue of validity, but also precludes the direct comparison between studies. 
This has ramifications for refining thresholds for alerts, or potential indicators of 
overtrained states. Therefore, when implementing an ASRM, the sports organisation 
must weigh up the conflicting demands of practice and research in light of their 
priorities and available resources.
8.3.2 Implications for sports organisations
Governance
Sports organisations and program establish an environment for athletic preparation and 
ASRM use through strategic plans, philosophies, and employment of staff in certain 
roles. The social environmental factors of ASRM implementation identified in this 
thesis, and the role in athlete self-regulation, align with an athlete-centred philosophy 
(Kidman & Lombardo 2010). An athlete-centred approach to athletic preparation 
encourages athletes to gain knowledge, and take ownership of their development and 
decision making. This is in contrast to a coach-centred approach whereby the coach 
dictates all aspects of athletic preparation.
Interviewees in Chapter 5 raised the importance of a key staff member to oversee 
ASRM use by athletes, the use of data by support staff, and to act as the moderator 
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between staff and the athlete and coach. Sports organisations should therefore seek to 
specifically engage a staff member in this role. To coordinate the multidisciplinary 
involvement in ASRM use, it is also important that staff have clear roles regarding the 
use of ASRM data, and that the athletes are aware of these roles. To establish this 
clarity, Collins (1999) suggests the use of a support services charter which clearly 
outlines to the athlete the extent of data confidentiality and whose interests are met by 
each staff role.
Allocation of resources
Many of the factors influencing ASRM implementation may be improved with the 
investment of resources by the sports organisation. In regards to the measure, a 
financial investment is likely needed to operationalise ASRM software. Ongoing 
investment is also needed to ensure the software remains current and free of technical 
glitches. Resources may also be allocated to provide a more supportive social 
environment surrounding ASRM use. Such resources may include education for 
athletes and staff, and dedicated staff or staff hours to oversee the implementation of 
the ASRM, and use of ASRM data. The necessary investment of finances and staff 
hours may be made possible by the reallocation of resources from more demanding 
and resource-heavy objective measures currently used to monitor the training 
response.
8.3.3 Implications for end-users
Perceptions and approach
Communicating the findings of this thesis to athletes and staff will serve to improve 
their buy-in and understanding of what is involved to realise the benefits of ASRM 
use. Improved buy-in will lead to better quality data entered by athletes, therefore 
supporting the regulation of performance-related behaviours by both athletes and staff. 
Staff may also adapt their approach to facilitate athlete self-regulation by providing 
guidance rather than instruction, so that athletes develop the knowledge and skills to 
interpret their ASRM data and determine what action to take.
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Analysis and interpretation
Changes in subjective wellbeing correspond to changes in training load, and 
potentially progression along the athlete wellbeing continuum. Therefore intra-
individual analysis is advised, with current data compared to an established baseline 
or rolling mean. As yet, there are no established values or magnitudes of change to 
guide interpretation, hence thresholds for alert remain arbitrary. Reliance upon the step 
of contextualisation lends to a preference for identifying false positives, and therefore 
the implementation of relatively low thresholds. This however must be balanced 
against the demand on resources to engage in the step of contextualisation, particularly 
for staff overseeing the preparation of a large number of athletes. Staff should also be 
mindful that overreaction to ASRM data may cause unnecessary anxiety for the 
athlete, and disruption to their preparation. In unclear circumstances, it may be 
preferable for staff to proceed with caution and a heightened awareness.
8.3.4 Contraindications for athlete self-report measures
Given the demonstrated value to athletic preparation, it is intuitively appealing to 
suggest that athletes with or without the support of a coach or sports program actively 
integrate an ASRM into their preparation. Current research does not suggest ASRM 
may pose any risk of adverse effects to the athlete, however the possibility can not be 
discounted. Use of an ASRM may be contraindicated in certain circumstances, such 
as an athlete predisposed to anxiety or depression (Bandura 1991). Deliberately 
drawing attention to an unfavourable state such as soreness may exacerbate the 
physical symptoms and heighten anxiety, detracting from normal coping mechanisms 
(Hadjistavropoulos & Craig 2002). This was also suggested by two sport science staff 
interviewed in Chapter 4, however, there is no known research which demonstrates 
such an adverse effect. It is therefore recommended that athletes, coaches and sports 
programs use their best judgement in determining whether it is appropriate to use an 
ASRM given the individual characteristics of the athlete.
Another contraindication to the implementation of an ASRM by a sports program is in 
the instance that the coach and/or support staff are unwilling to engage with the 
collaborative process. For instance, coaches may dismiss the need for an ASRM on 
the basis that they know their athletes well, or that they are concerned that the process 
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will undermine their coaching (Beckmann & Kellmann 2003). However, coaches with 
such views who trialled an ASRM have been said to come to the opinion that the 
information gleaned from ASRM is in fact useful (Beckmann & Kellmann 2003).
Therefore, it is possible to overcome the barrier of the unwillingness of staff if 
approached constructively, perhaps by hearing and addressing concerns, and 
beginning with a trial period where the option exists to modify or adapt the process 
(Beckmann & Kellmann 2003).
A final contraindication to consider is in the instance that the necessary resources are 
simply unavailable to implement an ASRM effectively. In a supported sport context, 
staff time and expertise are needed to oversee data input, analyse and interpret data, 
and communicate with end-users. Such time requirements may not be factored into the 
staff contractual agreement. Whilst technology automates or simplifies much of the 
process for staff, considerable resources must be invested behind the scenes to support 
this. For instance, interviewees in Chapter 5 outlined how incompatible software and 
technical glitches were barriers to use. Therefore, the sports program must invest in 
personnel which are able to oversee software updates, and provide technological 
support as needed.
The broad scope of an ASRM may be advantageous from the perspective of holistic 
athlete monitoring, however a lack of staff expertise in one or more areas may 
compromise the efficacy in practice. It is suggested that coaches resist implementation 
of a measure which they lack understanding or confidence for (Roos et al. 2013).
Conversely, a measure may be implemented, yet a lack of expertise may compromise 
the ability to interpret and utilise the data. For instance, if a sport psychologist is not 
part of the support team, some may question whether psychometric questions can be 
effectively interpreted (Collins et al. 1999). Interviewees in Chapter 4, including an 
athlete, coach and sport scientist, raised concerns that the coach was not qualified to 
use ASRM data on their own. Therefore, if a coach was not supported by sport science 
and medicine staff, use of an ASRM should be carefully considered in order to avoid 
a coach having to step outside of their expertise.
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8.4 Future research directions
The findings of this thesis provide clarity and direction for incorporating ASRM into 
practice, however there remains considerable scope for further refinement. The design 
and development of an ASRM would benefit from additional investigation to 
determine the optimal composition of a measure. The findings from Chapter 3 
identified subscales which were particularly responsive to training load, however it is 
not simply a matter of compiling these subscales into a composite measure. Multiple 
subscales may overlap in the dimensions of athlete wellbeing they assess, and some 
subscales are measured by multiple items. Factor analysis should therefore be 
conducted to minimise redundancy in ASRM questions. Future research should also 
seek to determine the minimal frequency of ASRM completion which does not 
compromise sensitivity or the ability to act upon data in a timely manner. Refinement 
of both the measure and administration will help to minimise the burden on athletes 
completing the ASRM, and also for staff reviewing the data.
Social environmental factors influencing ASRM implementation were identified in 
Chapter 5, however strategies to improve these factors are yet to be addressed. Future 
research may seek to implement and evaluate an educational strategy for athletes and 
staff, aimed at improving buy-in. Such an educational strategy may be based around 
the findings of this thesis, outlining the value and process of ASRM use in athletic 
preparation. Further to this, an educational strategy may also aim to develop the self-
regulatory skills of athletes and the ability of staff to foster this. Social environmental 
factors may also be addressed by implementing a support services charter, and 
evaluating the effect upon the perceptions of athletes and staff, and whether or not 
athletes are more forthcoming in their responses.
The process of ASRM use will not be sustained if the data is not being used effectively. 
Hence future research should address the analysis and interpretation of ASRM data. 
For instance, existing arbitrary limits for alerts should be refined, ideally using a 
dynamic and individualised approach. Data from ASRM may also be integrated with 
other sources of athlete monitoring data to improve the sensitivity and reliability of 
alerts. This approach is becoming increasingly feasible with a recent move towards a 
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systems-based approach, where all data across disciplines is collated in the one 
database (Pyne & Martin 2011).
The findings of this thesis relate to a diverse athletic population, from recreational to 
elite, and of varying sport contexts. However, it is yet to be investigated whether or 
not these findings are also applicable to professional athletes and sport contexts. 
Factors such as commercial pressures, governing structure and salary implications in 
a professional context may alter how ASRM are implemented and used. Therefore,
future research may endeavour to replicate the studies of stages two and three of this 
thesis in professional sports.
8.5 Conclusion
Athlete self-report measures are a widely utilised tool for monitoring the training 
response of an athlete. The findings of this thesis serve to justify existing practices by 
demonstrating the value of ASRM to athletic preparation. It was demonstrated that 
subjective measures effectively reflect the response of an athlete to training, whilst the 
process of ASRM use facilitates improved confidence and communication between all 
end-users. Consequently, ASRM also serve to facilitate regulation of performance-
related behaviours and support athlete wellbeing. Identification of the barriers and 
facilitators to ASRM use provides guidance for a multifactorial implementation 
strategy which is tailored to the particular sport context. Collectively, the findings of 
this thesis have the potential to improve and sustain future integration of ASRM into 
athlete monitoring practices.
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Extended representative meaning units
Record data/Record practices
…from a training load point of view…we wanted to track what they are actually 
doing on court and off court as well, which wasn’t done before. We knew they 
did weights and cross training but it was never captured. (S01)
…just a tool to see how much training they’re actually doing, what their 
schedule looks like, and to see if there is any consistency. (S03)
Record data/Athlete provision of additional information
…the coaches are kind of intimidating as well, so like it removes some of that 
anxiety if you don’t want to talk to them face to face…you can put comments or 
you can relay what you want to say just on the website. (A01)
You probably know a bit more about the athletes, like athletes very rarely are 
going to come up to you one on one and say “I’m feeling I’ve got no 
confidence”, but if you can see it in the measurements you can go and talk to 
them. (C05)
And it’s also useful for looking at how well they do their recovery or how well 
they do the things outside of training, how well do they sleep, how well do they 
eat, how well do they rest and recover. (S03)
At times we when we get athletes to make comments it’s quite interesting, they 
probably comment on things that they wouldn’t speak to you about, so the 
comments page can be quite enlightening sometimes I suppose, and get a little 
bit more feedback from it. (S09)
Record data/Indication of an athlete’s current state
…we tend to use it for more immediate feedback, like to see how the athletes are 
coping on a day-to-day basis. (C04)
It gives me an insight into…whether they’re struggling with training, whether 
they’re struggling with recovery, as a group but also individually. (S07)
I guess my job as sports science is to get more detailed information on the 
wellbeing and adaptive responses in the training of the athletes…then in a 
similar way for the coach, so he can get a better handle on how his athletes are 
responding…(S13)
Record data/Record keeping
If the coach misses something or misreads something they’ve actually got
something to go back to to have a look that is perhaps a bit more objective. 
(S03)
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...it also makes everyone it a bit more accountable. (S05)
Athlete monitoring is an obligation we think for government funded sport…and
it’s just a sense of transparency, this is what is happening to the athletes that we 
fund. (S10)
It’s really important for crisis management...if there’s no record keeping then 
the emotion tied into sport can just spin any thread of truth into complete 
confusion. And so if you have training logs...then you can say “everybody take a 
deep breath, why don’t we go back to the logs and just take a look”...we want to 
be able to gracefully move through those periods that are really threatening the 
integrity of the program. We want to move out of it with some type of a well 
thought out, evidence based move. (S10)
Review data/Review of data
...here in camp on a daily basis, it’s pretty much my responsibility to review the 
data before the first training session of the day...in my daily training 
environment it’s probably more like on a weekly basis. (C04)
I don’t check it too often, I’m too busy for that. (S06)
So there’s only a few that I would monitor day-to-day and it usually comes in 
waves...but if it’s going well I might just look at weekly snapshots. (S10)
...in terms of routine work, so part of my day-to-day activity. (S13)
Review data/Red flag identification
...it reports back to coaches the flags etcetera if people are outside their normal 
healthy ranges...you know, if they fall within a danger zone. (C02)
It’s also automated in terms of it gives the coach red flags, you know if an 
athlete has poor fatigue ratings for so many times consistently then it might red 
flag that to a coach, but that can be customised by the S and C coordinator or 
the coach I think. (S03)
...I had their norms calculated in the back so the program would highlight 
anything that was more than one standard deviation away from their norm. 
(S05)
The diaries also get flagged to medicine and physio based on certain thresholds 
in the criteria of each question. And so they are aware if it goes over a certain 
mark that they’ll be indicated. (S15)
Review data/Athlete response patterns
...also to see trends in injuries or motivation in relation to intensity of training 
or quantity of training. (A06)
I get a feel for acute and chronic responses of athletes. (S02)
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...then that allows you to look back over the year and say they did well here 
here here and here and let’s look at what lead to that. (S04)
...what we’re looking at there was their acute training load versus the chronic 
training load...if there’s a sharp increase we get injuries, or if their acute 
training load goes over the chronic for a period of time for a number of weeks 
then we’re going to get those injuries as well. (S09)
Review data/Athlete education and awareness
...it also lets you reflect on yourself at that moment, like you actually have to 
think about what you’re doing and all your plans and how you’re actually 
treating your body. So it’s kind of like echoing what you should be doing. (A01)
I’ve noticed the fluctuations between school periods when it’s busy and you 
stress levels would be going up and stuff and it’s interesting to be able to log it 
and recognise yourself that that is how you are feeling. (A03)
...logging in my general health and I think “oh it’s not that good at the 
moment”, I think “oh I should do something about it”, whereas I probably 
wouldn’t consciously think that until it gets a bit worse. And injury wise, like 
just with little niggles and things, I’m like “oh that will probably go away it’s 
just a bit sore or bit tight”, but when you notice that you’re constantly going 
down in the numbers or it is more constant throughout the weeks, I think 
“maybe I should do something about it” whereas it probably would have gone a 
bit longer without changing anything. (A08)
…sometimes it can get the athlete to think about themselves more and 
potentially take a bit more personal responsibility. And it makes them identify 
things that particularly they do well or don’t do well, or it can be an education 
tool for the athlete as well as the coach and the scientist. (S04)
People are always much more engaged when they’re looking at their own 
individual results rather than giving a lecture on muscle soreness or training 
overload. So when they can see their own results…then they start to learn and 
become more aware and better educated. (S13)
Contextualise/Context of knowing athlete
…a lot of it depends on the athletes…when you get a relationship with the 
athletes, you know the ones who are honest and are very open about what they 
want. But there are also those vying for selection and would take any advantage 
to make them look better than they are. So there are intricacies within a squad 
which can make things quite challenging. So I don’t necessarily take things on 
face value… (C01)
I know the girls pretty well and I can translate what they’re trying to say 
through the data that they’re entering some times. (C03)
It’s all in context isn’t it?…whether I trust the entries or not probably comes 
down to how well I feel I know that athlete…so they’re all put in context in 
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some way based on how well I know the athlete as to what I interpret those 
numbers as meaning. (S14)
Contextualise/Initiate communication between staff and athlete
…if there was a big difference in what you were filling out previously to what 
you are filling out now then the coaches would talk to you and say, you know:
“Why is this? What can we do about it? How can we help?”. (A01)
If I can see a trend then I’ll raise it with them, discuss it with them, like have a 
brief conversation, normally in training… (C04)
It does provide sort of an opportunity for them, for the athletes to come to us to 
ask questions. So they complete, they might start looking and start all of a
sudden start paying attention to that aspect and that is sort of the trigger for 
them to come and speak to us and maybe get some help or some guidance. (S04)
So the athletes will very commonly write things in the comments section…and 
that’s really an invitation to start a conversation is how I take that. (S12)
Contextualise/Initiate communication between staff
…we tend to have a meeting with all the support staff and coaches…and then if 
there is issues raised on the [ASRM] and we haven’t addressed them, we’ll 
bring it up with the whole support staff so everyone knows what the situation is. 
(C05)
…it would generally be me speaking to the physios or medical staff or someone 
like that, and they would be saying “she’s fatigued”…We would have a bit of a 
round table conference to see in what way her program could be modified so 
that we can get her back to a level that we feel is suitable. (C07)
…from my point of view, probably discuss it with the coaches and service 
providers first and then discuss whether we need to approach the athlete 
directly or discuss it as a team, rather than just go “ok I’m going to call the 
athlete and tell them what to do” because I might not understand the full 
picture. (S01)
It’s really to all be on the same kind of page and understand where the athlete 
is at and what interventions need to be taken in the gym, in physical therapies, 
in recovery, nutrition. It’s having that multidisciplinary approach to make sure 
that we’re all going in the same path with the athlete and training load 
management as we can. (S02)
Contextualise/Build knowledge
…it’s about understanding, through tracking and training, the past to help us 
make decisions for the present and future. (C02)
You can see trends over the season…which then can be an educational thing 
back to your coaches or whoever to adjust in the future. (S07)
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…it’s a really powerful learning tool. Rarely do sports scientists know what 
they’re doing and rarely do coaches know what they’re doing, but the capacity 
of good coaches and good sports scientists to learn is extraordinary. And I think 
that the training monitoring becomes the agent of change for understanding 
relationships regarding how training influences illness, injury, body 
composition, form. (S10)
Act/Feedback to the athlete
So feeding back what’s actually happening, what people are seeing, what the 
therapists, psychology, what they feel about it, what they think is actually 
coming out of it. Even if its not proven yet, just something that alludes to it 
might help a guy to fill it in a bit more accurately and more often. (C06)
It has to have an impact on the athlete’s daily preparation when necessary, it 
can’t be left for large periods of time up to sort of two plus weeks where an 
athlete gets a report or feedback from data two weeks ago, it really needs to be 
that constant, doesn’t have to be long, but constant feedback and, when 
necessary, constant modification and refinement of training load. (S02)
It works really well for an athlete who has a problem and we pick it up early 
and get on to them and they go “well hang on someone actually is looking at 
the data” so they actually respond well to that. But for the general athlete who 
just puts the data in for the sake, because they have to, and get no feedback, I 
think they lose motivation with that or interest in it. (S09)
Act/Feedback to the coach
…feedback being given first and foremost to the coaches, from a 
multidisciplinary point of view. (C01)
…what happens to the information at the other end, how fast it comes back and 
in what format. Does it come back numerically or graphically? And the coach 
may want to see a little graph or just a warning. So does the information meet 
the criteria of what the coach wants? (C02)
Act/Training prescription and modification
…so that the coaches and the staff will know how we’re feeling and whether or 
not to push us hard during training sessions or whether or not we need a rest 
day because we’re all feeling tired and stressed out. (A03)
It’s more about if I’m accumulating too much fatigue then do I need to back off 
or is it just a phase of periodisation where I need to push through that fatigue? 
(A04)
It allows them to plan sessions and also modify them around how we’re feeling 
or what kind of results they want from that session. (A05)
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Importantly for me is to be able to provide appropriate recovery intervention 
when certain markers I suppose are flagged and then we can steer the recovery 
and set up the recovery program from that. (S02)
…the athletes use it as a crutch to get out of training sessions, they can say “oh 
look, I’m fatigued and I’ve been fatigued for quite a few days now and you’re 
not backing off training”. (S03)
If you can pick up some trends and one from an individual and from a group 
perspective, that’s really good because you can adjust training accordingly. 
(S07)
Act/Referral
So it’s a tool to alert me to then also diversify whatever staffs required…if 
they’re, you know, struggling psychologically I’ll refer to the psych, if their 
nutrition isn’t quite right I’ll then refer them to the dietician, if they’re sore well 
then I want to assess them as well or I might refer them to the doc as well. So 
it’s a real assessment tool that you can actually divert the people to the 
appropriate practitioners. (S07)
…it flags it in quite an easy way and then we can look into it further…speak to 
them, refer to the coach, sports psych, doctor, nutritionist whatever. (S08)
If the athlete replies and gives us some information about what may be causing 
it, then I might say, you know, “it may be worth involving other service 
providers, how do you feel about that?”. And then we try and get the 
appropriate service provider to have access to the athlete. Another way we do it 
is the opposite way, so because the athletes all know that all service providers 
have access to the [ASRM], if I’ve noticed something consistently say nutrition, 
then I’ll contact the nutrition service provider myself and maybe the 
psychologist and say “I’m a bit concerned about these recordings for this 
athlete, can you please make contact with the athlete”. And sometimes it is 
better coming from that specific service provider than coming from me, so 
there’s the two ways that that will happen. (S12)
Act/Training and program planning
The benefits obviously are we gain a better understanding of a periodisation 
plan, therefore we get a better understanding of our prescription versus 
delivery. (C02)
I kind of see it as more of a long term prospect where you can look back over a 
year’s worth of data and identify, where you know the training and see whether 
it was either successful in terms of injuries and positive training adaptations, 
whether injuries occurred, whether you can look back and see whether travel 
was too extensive. So I think there’s that aspect where you can look back and 
get some guidance to a coach on their training program. (S04)
You can see trends over the season. I think it’s a great tool if…you can pick 
things which may occur depending on the training load, or the timing of the 
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season, which then can be an educational thing back to your coaches or 
whoever to adjust in the future. (S05)
Act/Athlete self-management
I don’t think I’d change anything for the [ASRM], it is kind of more the [ASRM] 
reflects what I do rather than I behave to reflect the [ASRM]. (A05)
Well I think I don’t need to, I wouldn’t sway my movements or actions because 
of having to fill out the [ASRM]. If I realised I hadn’t had enough sleep I would 
just get more sleep the next day, it’s not because I have to fill out the [ASRM] 
and the fact that other people are going to read it. (A06)
So they want to be a gold medal crew, they need to train and recover like a gold 
medal crew and eat well. So they have a paper diary with a fairly extensive list 
of questions they tick off and say yes. One of the guys is quite keen to be able to 
say to himself when he sits on the start line “have I done everything I possible 
could?” and if he says yes every day to that point, then he’s confident to race. 
So that’s his way of building his own confidence. (C03)
Sleep patterns change when they realise they’re not getting enough sleep, 
because they’re doing 6 hours instead of 8 or whatever it is, I’ve seen sleep 
patterns change. Recovery strategies for training, food being eaten between 
sessions and stuff because it’s part of the questions. So things where they’re not 
doing things as good as they should be are being, better habits are being 
formed from what they can see through their entries. (C03)
Knowledge should be power, but I don’t always think it is…the key in this 
situation is providing the education around what do you do to be different and 
why is it important. So I think [ASRM] can on its own change behaviour, I don’t 
know that it always does, and we shouldn’t blame it on the athlete if it doesn’t 
necessarily, because maybe they don’t know how, they don’t know the 
significance. (S11)
I think that it does help them become a little more responsible for their injuries 
when they are thinking about how they are feeling…they’re less likely to sit on 
pain and injury…Very commonly they’ll have some change in their recording 
for example their health might go down or their injury levels might go up, and 
then in the comments they’ll write a comment like ‘I’ve been to see a physio or 
I’m getting blood tests’. So I think it does help in their management of injuries 
and early intervention. (S12)
…there’s one athlete in particular who’s quite compliant in filling it out and 
does, does raise discussion themselves on it, so they might come in and say “oh 
I’ve noticed that I am filling out a low level of sleep quality” and then it’s led to 
discussion. So that then ultimately leads to implementation and bringing in 
other services to help intervene, and then ultimately behaviour change. (S14)
Act/Prevent undesired outcomes
…hopefully there’s early indicators…to keep the athletes injury free and get as 
many training days out of them as possible. (C05)
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…what you are trying to avoid is more the chronic symptoms of fatigue, and 
knowing when to make serious modifications before it starts to turn into and 
manifest into chronic fatigue symptoms and longer regeneration periods. (S02)
…hopefully, again it’s not always the most definite thing, but to prevent injury 
or prevent sort of fatigue or those chronic type of injuries. It doesn’t always 
happen but it gives you a tool to assist… (S07)
…it’s not going to prevent injury and it’s not going to prevent illness. The 
process is done more like an insurance package, so when all hell does break 
loose, that you can get really good care, and when all hell does break loose at 
least we have something to go back on to make a call, to make a bit more of a 
sophisticated call. (S10)
…in my role, using the [ASRM] has really revolutionised how I operate, and 
has made the influence that we can have on injury and illness from a 
preventative point of view much much better. And is obvious in our statistics 
that we have less training days lost due to injury and illness. (S12)
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Extended representative meaning units
The measure
Mode/Mode
I’ve got a laptop but I don’t use it really that much so it would take like 10 
minutes to boot up, one min to do [the ASRM], then close it down again. So a 
mobile app would be a good idea. (A01)
…if you want to go down the paper approach, if you’ve got the resources of 
people who can a) capture on paper b) come in and put in the information c) 
construct it in such a way that…appeals to the learning style of the coach and 
the athlete, that’s great. But if you’ve got a paper format that the athlete has to 
take more than a couple of minutes [to complete], then you create layers of 
requirements thereafter, you make it too hard. (C02)
I think gone are the days where you have a training diary as a manual hand 
written one, so it certainly has to be computer-based or web-based or 
something like that…the way technology’s going, it needs to be applied to 
iphones or smartphones. (S07)
We’ve worked hard on the ability for the athlete to put it in across numerous 
formats, whether it be on the internet, on their phone. So having a variety of 
input mediums is really important. (S15)
Accessibility/Technology
Sometimes if you’re in a bit of a rush or don’t have access to a computer then 
it’s not really a way you can do it. (A02)
Not having full access, access not coming through mobile…it just seemed to 
always be an issue, whether just simple logistics or people not getting access. 
(C01)
…make it a lot more accessible for the athletes to enter data and for the 
coaches to see the data…if I didn’t have the computer issues I’d use it a lot 
more. (C05)
…if it came through the laptop or ipod or ipad where it seems to be more 
relevant to [athletes] as virtually everyone has an iphone now…so they can’t 
say I haven’t got access to a computer”. (C06)
Accessibility/Location
When I’m travelling or on weekends I don’t access a computer so i just have to 
remember what I’ve done. (A06)
They need to be easy, portable, travel…if it’s internet based and they don’t have 
access to the internet they won’t fill them out. (S03)
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The problem with the [ASRM] is it relies on having access to the internet, which 
in modern age is less and less of a problem, but there are still some issues in 
certain parts of the world. (S12)
Compatibility/Software
I do have a Mac laptop at home but that’s annoying because I can’t fill in 
[ASRM]. (A06)
…yes you can do it on your phone, but the guy that wrote [the ASRM software]
didn’t consider that. (S05)
We’ve still got some work to do to mature these systems, to debug them and 
develop them to a range of different platforms. (S13)
Compatibility/Link with other data
So an example would be, if they do a training session and they’ve got a heart 
rate monitor strap which actually has all their training zones, and then the 
[ASRM] wants them to put in what they think they spent their time in, that’s 
duplicating data which they’ve already got…double dipping is a problem of the 
system when you’ve got multiple systems. So I’d say another problem would be 
trying to have all this ancillary data in the one place…all information gets 
collated, automated into the one spot. (C03)
…technology evolves, new data sets evolve, and being able to incorporate those 
data sets effectively into any kind of athlete monitoring system is essential I 
think. (S01)
…if all these different methods of data collection were talking to each other, we 
probably wouldn’t have doubling up of some of our current systems of 
screening and monitoring which would be you know, less demanding on the 
athlete. (S12)
Interface/Appeal
A nice layout is a positive with the [ASRM]…visually attractive so they can see 
and track their trends. (S02)
…have a good feel for the market to be able to produce something that the 
target market would be really keen on using. (S03)
…there is a commercial pressure…to refine, refine refine, and make it pretty 
and graphical and interfaced with [social media]. (S10)
Interface/complexity
…with the [ASRM] you have to log in, so the page has to load, then you have to 
go to the diary for that training block, then you have to go to the date and to 
pull up that page, this is every time you log in…you’re flicking between 
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screens…drop-down menus to select something…then you have to write 
comments as well…it becomes time-consuming. (A04)
…technology and taking it forward to be more user friendly and intuitive. (C01)
The biggest negative is if the system isn’t well designed, it’s a fail. It has to be 
easy to use on both the administration side and the user side. (S05)
Talking to the athletes they say it’s clunky…and they just complain about the 
time it takes. Not so much that they have to do it, it’s the fact that it’s awkward 
to use that they go “well, it takes longer than it should”. (S05)
The whole thing shouldn’t be cumbersome, it should be easy to use, should be 
simple, quick and easy. (S09)
Question design factors/Question specificity
I think I understand…where the questions are coming from and what they’re 
trying to get to, but I don’t think it’s very intuitive. (A04)
We need to ask the right questions in the right way… for example “are you 
fatigued today?”…if you ask [an athlete] that they just sneer because they are 
fatigued every day… are you asking the right questions, the right volume of 
questions, and therefore are they being used in such a way that [the athletes]
understand, and the coach can use… (C02)
…identifying what markers to pay particular attention to…give us valuable 
information not only acutely but chronically. (S02)
…shouldn’t ask irrelevant questions. Sometimes…[ASRM] we trialled would 
ask random questions and for us as staff we go “who cares?”. So it has to be 
relevant to the sport as well. (S05)
…if the questions are really the questions you want answered…so it really is 
being thoughtful in formulating those questions…so that you get the answers 
you want. (S11)
Question design factors/Question sensitivity
…because we really looked at it from a global wellbeing point of view… we 
weren’t picking up things that were most sensitive to change. (C01)
If I took a selfish approach to it, it would be more questions on what I need to 
get out of it and that would give me a more sensitive answer rather than you 
know, there’s one question on sleep, one question on recovery…However, that 
wouldn’t work on an [ASRM] because if there’s 10 disciplines and everyone 
wants their 20 questions, you’re not going to get yours answered. (S06)
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Question design factors/Scales
…out of 10 is a pretty arbitrary scale and you know what’s a 5 out of 10 for 
fatigue for me is different for someone else. Although over time they should be 
able to create a bit of a pattern, there are still going to be comparisons drawn if 
they’re looking at the data of all their athletes. (A04)
…I find the 1 to 10 is sometimes hard to define was it a 1 or a 2? And I find 
because there’s so many options I find it hard to know where to go. (A08)
…we’ve got [athletes] that are reporting all different numbers on their scaling 
system, but they’re telling us the same thing they’re fine you know. I’m fine I’m 
a 7 out of 10, or I’m fine I’m a 9 out of 10…And if I’m a good coach I’m going 
to get used to knowing the way you complete the data…that’s the main thing, 
not changing the system but changing the way…we interpret it. (C04)
And you can shade it, and the scales can be flipped. So it’s easy to start with ‘I 
feel great’ and you’ve got to move down to ‘I feel crap’ or you can start with ‘I 
feel like crap’ and you’ve got to move to get to ‘I feel great’ so yeah, all of this 
influences the contextual validity of what you’re getting at. (S10)
Time burden/Time for completion
The number of questions is always going to be a topic because it proportions 
the amount of time you’re going to spend on it. If you increase the number of 
questions then you put off certain other people but it might appease other sorts 
of people. (C06)
I think over the course of a week you can probably allow 5-10 minutes of 
collecting subjective data. (S02)
…we aimed it at taking less than a minute. (S03)
The time, everyone talk about it takes too much time, you waste too much time, 
it takes a lot of time. And I sat down with one of our athletes…30 seconds. Now 
here is a guy that would spend I’m sure 2-3 hours per day on [social media] 
and he’s saying “I don’t have time”. That is crap. You’re not interested, but 
time is not the problem. (S10)
…this is feedback from the athletes, I think in terms of the negativity of it is the 
time-constraint on their part or the time allocation to fill it in…just something 
else that they have to do in their day. So probably a psychological aspect of 
feeling over-burdened… (S14)
Time burden/Frequency of completion
I guess doing it every single day it gets a bit draining. (A03)
It should be done all the time but, I think there’s times where it’s more 
important than others, so big hard training blocks, leading into competition, 
how they are starting to feel with recovery through tapering. (C03)
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I think it’s pretty important to be doing it on a daily basis and I don’t think it’s 
too much to ask…then we’re going to get more valuable information from it. It 
could be an even more powerful tool. (C04)
I think daily does give you a nice steady snapshot of what’s going on…Would 
they be better off trying to summarise it by a week or just doing it once a week, 
that’s the question, I don’t know, from my perspective daily is good. (S11)
Timing of completion/Relative to training
...quite often what happens is their mood state is affected by their 
performance…in training. (C03)
…we did immediately as they walked out of training…but then you often feel 
absolutely exhausted right at the end, and if you’d waited 15 minutes they 
mightn’t have felt the same. So it was convenient because they had to do it as 
they walked through the door, but I’m not sure that it was as accurate as doing 
it perhaps after you’ve had your recovery and things. (C07)
I don’t think I’d like it to be something that they could go away and fill out…if
you set up something that they can only do in one spot then they know that when 
they walk in they have to do it, you get a good buy-in to do it then because they 
don’t have any choice, any other time to do it. (S06)
…we prefer before training because then they don’t get confused between the 
training they’ve just completed, and the training they’ve done the day before.
(S12)
Timing of completion/Consistent
…it’s more of a routine now, every morning I wake up and just go on the 
computer straight away and try do it. (A02)
Oh it’s just habit, it’s the first thing I do when I log on. (A06)
…prefer them to do it at the same time every day. So we discussed that they 
either do it straight after recovery, which is generally the last thing that they do 
that day, or that evening. A) It gives them the reminder to do it each time, they 
schedule it in so I think that would increase the compliance. B) I think it’s more 
accurate when they do it the day of training rather than the next day or the day 
after. (S08)
Timing of completion/Retrospective
…I just have to remember what I’ve done over the weekend…so I guess the 
information might be skewed and not as correct as it would be if I had filled it 
in every day. (A06)
I have entered information for every day this year, but there have been days 
where I haven’t done it that day, I may have done it later that week or…3 weeks 
later. (A07)
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…there’s some that will…do a whole week at once, which means that the 
information is not really valid because they can’t remember what they did last 
Monday let alone what they are meant to be answering questions on. (C06)
Data output and analysis/Red flag limits
…flags if people are outside their normal healthy ranges…They are set to 
thresholds, so on discussion with the program, the coaches and service staff, we 
set up thresholds and there is a threshold setting of what is deemed to be norm,
and we set a couple of points below that norm. And that depends on the 
question…you generally give it a couple of days, for example a three day 
average, and when the average over three days falls below two clicks below 
their normal average then we’re flagged. So for some questions we have 
specific thresholds, whether it’s just good/bad, you know, and some are more 
subjective to their own responses and we manipulate that accordingly. (C02)
…red flags, you know, if an athlete has poor fatigue ratings for so many times 
consistently then it might red flag that to a coach, but that can be customised by 
[staff] I think. (S03)
…the program would highlight anything that was more than one standard 
deviation away from their norm. (S05)
…if there was a standard deviation away from what their norm was then it 
came up as an alert for us…(S07)
…establish some baselines so we can pick what’s well out of the ordinary or 
unusual for that particular athlete, flags it in quite an easy way, and then we 
can look into it further. (S08)
Data output and analysis/Format of data output
…because it comes out on email I will certainly look at it…a summary 
statement… (C02)
…we’d set up the templates so we saw exactly what we wanted, and we didn’t 
have to export the data. (S05)
I think the visual reports with the graphs and wellbeing are quite good over the 
last 14 days, but there a few things that we look at that we need to export it into 
Excel and then manipulate the data from Excel. (S08)
…it could be pretty superficial for the athletes and coaches, but then to provide 
the functionality then that stuff can be exported, and more for I guess the 
scientists…who need to extract the data and then can start to do deeper 
analysis. (S13)
Data output and analysis/Data presentation
They send us a graph of your weekly fatigue so you can see it. Like I don’t need 
to know that, I was there, I did it, it’s not really much interest for me a week 
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later on about what my fatigue levels was a week ago. It’s more about if I’m 
accumulating too much fatigue then do I need to back off, or is it just a phase of 
periodisation where I need to push through that fatigue? (A04)
…the reporting of say a timeline, so if it was a week or a day across individuals,
then across the squad as well…capturing all the data in one page…(C01)
But to me, as a coach, to be able to run your eye over it quickly like that would 
be a lot better because I’m normally short on time in terms of being able to 
translate the data and also chat to the head coach and/or the athletes about any 
issues. (C04)
Now you’ve obviously got different personality types, so some people like to be 
impressed by graphs, some people would like somebody to talk to them about it, 
some people just want some words so I guess these would have to be reflected in 
the way in which you give the information back. (C06)
I like the colour coded things, it makes it visually easy to read. (S11)
Social environment
Athlete buy-in/Education
Because when the athlete group is given “here’s a new data system we want 
you to use it, there you go, here’s your log in, go use it” then the athlete body is 
like what, “well how is this going to make me go faster? How is it going to 
make me perform better?”. (A04)
It has to have meaning to the athlete and they have to be educated on why or 
how important it is to fill out for other people, and how we monitor things 
overall on a long-term basis, and how it may impact on them. If you can 
understand and educate your athlete I think you are half way there, other than 
just saying “this is what I want you to do”. You know, you don’t want to fill out 
something if you don’t understand why you’re doing it. So I think the 
educational side of things is really important. (S07)
You need the athlete on board. And maybe that comes back to education, 
educating athletes on why they’re actually doing it, so if they see the purpose 
behind it, they know we’re checking it, they know that we’re looking at it, if they 
know that we use that information for the benefit of them and the group, I think 
that increases compliance. (S08)
When an athlete is introduced to our program we sit down with the athlete and 
go through the process of accessing and filling out the [ASRM], some education 
on the value and importance of it. (S14)
Athlete buy-in/Feedback
It’s hard to see how the [ASRM] is going to benefit your performance longer-
term when you don’t get small bits of feedback on the way, whether it’s positive 
or negative. (A04)
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I believe a lot of athletes don’t, aren’t engaged with it, don’t buy-in to it 
because they don’t get any feedback from it which they see as helpful for them 
for improving their performance. (A04)
And sometimes being careful how that data’s given to the athlete and coach 
also because potentially, sleeps a classic one, if you tell them “oh look gosh 
your sleep is bad and you’re doing this and you’re doing that” then that’s going 
to stress them out more about sleep. So it’s looking at how you can sell the 
positives, going through that and talk about how this is good, this is good, this 
is good, let’s work on this, this and this. So emailing a one-pager to an athlete 
is not going to help, it’s obviously the interaction and the communication 
between the service provider and coach and athlete will all make it work. (S04)
I think they realise that we do adjust training according to it, because when 
things come through I’ll speak to them and say “you said this on your [ASRM],
what’s going on?” and then we adjust accordingly so then they actually see that 
we do look. (S07)
We still have the problem of athlete buy-in and report generation of being a 
mechanism for them to believe that things are being done with the numbers…if 
we don’t go back to them they don’t think anything is being done with it. 
Whereas I said I read them every single day and the fact that I don’t talk to 
them about it doesn’t necessarily mean that nothing is being acted on. (S15)
Athlete buy-in/When introduced
So what would be a perfect world is that the state institutes are using exactly the 
same [ASRM] as [the national sports institute] are…I think if you’re doing that, 
the athletes that come into the [national sports institute] program will be used 
to putting the data in and so they’ll comply with it a lot more. (C05)
The group of girls has been positive, we’ve got them young so they don’t know 
any other way…some of the other athletes are a bit more stuck in their ways.
(S08)
I think that as we have more and more younger athletes coming through the 
system using the tools, they will grow accustomed to that being part of routine 
training. Whereas what we are trying to do now is re-educate older athletes 
who haven’t necessarily done it that way… it’s a very very long learning curve 
for them and changing habits is most of the battle. (S15)
Staff buy-in/SSMS buy-in
We have a lot of difficulty in also having staff buy-in, so other service providers 
buy-in to the system, and I think if we, when we have the coach and other 
service providers really on board, the system works much better. (S12)
So new staff, new coaches…we now need to develop some systems about the 
recurring education…some short, highly-effective means of upskilling people.
(S13)
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Staff buy-in/Coach buy-in
You’ve got to appeal to the coach and athlete, you have to have, include them in 
the process…we’ve got so many things that we’re asking the athlete and coach 
to do, it’s just another thing they have to do, it’s got to prove its worth, you’ve 
got to sell it back. (C02)
Most sports are a coach-driven world. So as much as scientists might want 
something, the coaches have to have massive buy-in. (S04)
…it comes from the coach, the coach has to drive it. (S08)
You’ve got to get coach buy-in with a lot of this stuff, otherwise athletes, we can 
tell them ‘til we’re blue in the face and we won’t get [compliance]. (S09)
Without coach buy-in, it doesn’t work. (S12)
The coach’s engagement; that’s really important to get their involvement in the 
process. (S13)
Staff buy-in/Key staff-member
You need someone to be coordinator or controller sort of thing. If you’ve got, so 
physiology saying “this is what you’ve got to do for this athlete” and if you’ve 
got the coach saying this and you know physio saying something else, well then 
you’re going to have problems with that information. So it’s about getting 
information and only having single sources directing it to an athlete. If you 
have too many people with information directing to an athlete it will create 
problems. (S07)
Because the interpretation of one person to another person could be completely 
different. So you’ve got to be careful about that…who says what to the 
athlete…so getting the data out and controlling how it’s used…It really needs 
some person to take control of it. (S07)
It’s probably a little bit, still dependent upon the interest of individuals so, you 
know, who does that work? So certainly in our centre here some of that’s 
physiology staff, some of it’s recovery staff, some of it’s physical therapy staff, 
some of it’s psychology…and there’s no firm guidelines on who it should be. 
(S13)
Peer-influence
With this group we’ve left it up to them to remind each other, and I think each 
night in the dorms they’ve been getting together reminding each other “have 
you done the [ASRM] today?”, “have you done it?”, “remember we want to get 
out reward at the end of this block”, and as a group they’ve been on top of it. 
(S08)
The women’s team will get the older athletes to kind of sit down and go through 
[the ASRM] with them. (S09)
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If one can go to training and look everyone in the face, they are going to go 
back…and do the [ASRM] every day. Whereas having that distance makes them
less likely to be compliant. (S12)
Reminders
The athlete receives a daily reminder if it goes past a certain time, and as does 
the coach…and then the coach chases up the athlete. (C02)
…normally if an athlete hasn’t been filling it out for a couple of days then one 
of us will send them a reminder...Normally an email or, because I see them 
more often, day-to-day, then I might tap them on the shoulder in the gym and 
say you need to get online and fill out your [ASRM]. Or sometimes a text 
message as well. It could be any one of those three actually. (C04)
you can program it to every two days or every three days or something to send 
them a reminder to fill out their logs. So that process has kind of been 
automated. (S03)
They get reminded at the end of recovery, so once they come out of the recovery 
pools there’s always “girls make sure you do your [ASRM]”, “have you done 
your [ASRM]?”, and that’s worked really well with this group. We haven’t had
to go down the path of individually reminding people, I think when we’ve done 
that in the past it creates, it takes away the onus of responsibility from the 
athletes and puts it on someone else and I believe encourage that responsibility 
on the athlete. (S08)
It’s not automated reminders, again it just relies on someone picking it up… I’ll 
either email or text…when they’re missing say four days of data, and I always 
copy the head coach in on that, and that tends to increase compliance very 
quickly. (S12)
Reinforcement
The punishment if we don’t do it…it’s always in the back of your mind because 
you don’t want to do that. (A01)
There are days where I’m not feeling motivated and I’ll fill out I’m very 
motivated…because I guess you don’t want to come across to the coaches if 
you’re lacking motivation or you’re not enjoying the program…also sleep 
maybe, if you’ve had a late night and there’s a training session the next day, 
maybe you don’t want to let the coach know that you’ve done the wrong thing.
(A03)
I don’t think my motivation and confidence ever change, like I think I always 
just record it as the same thing no matter how I’m feeling…it’s, I guess, I don’t 
want that to be taken in a negative way, like if my confidence is constantly 
changing or my motivation is constantly changing. (A05)
…a specific example I have is that it has seemed a bit like Big Brother on two
instances: one where I put a low amount of sleep and the next day got an email 
“why would you get so little sleep?” so I don’t think it should be used in a form 
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like that at all, otherwise people are going to be scared to tell the truth on the 
monitoring system. Another example was putting body soreness in and rating it 
quite high and the sports coordinator jumped straight on the phone and said 
“what are you doing about this?”. And I just felt like I wasn’t being treated like 
a professional athlete because I’m putting my body soreness quite high but I’m 
getting treatment at home. (A06)
We’ve tried very hard to impress on them why we’re doing it, we’ve included 
both carrot and stick in ways of trying to get them to do it…its almost got to 
pain in the neck stage, because I don’t really want to impose massive penalties 
on it and by the same token I don’t see there’s much choice because I can’t get 
a change in their behaviour. (C06)
Because you can use the carrot or you can use the stick, and the stick when 
you’re not looking, you know, compliance is poor. When there’s a carrot you 
still might not get 100% compliance, but you’re more likely to get a self-driven 
kind of compliance. (S03)
We’ve sort of set some things in place now that if you don’t do it there are 
consequences so therefore we are slowly getting the percentages up for who’s 
completing it. (S07)
…so we decided there was going to be a punishment for non-compliance or 
reward for compliance, and the group chose a reward for compliance. And
that’s worked really really effectively over the last six week period. (S08)
It worked quite well when there was monetary rewards, and then once they 
were taken away we went back to the normal system and it slowed down again.
(S09)
To get compliance at the beginning they used positive incentives such as money 
for the top athletes completing the [ASRM]…It is also part of the athlete 
contract and they get in trouble if they don’t complete it. (S12)
Well what we are doing now is we are playing the guilt card. So we’re sending 
out group reports…We’ve tried the positive reinforcement, we’ve tried, we’re 
continuously trying to positively reinforce the use of it, but I’m at the point now 
where I’m not really fussed as to what it is that gets them to fill it out, whether 
it’s they feel guilty because everyone else is filling it out and they’re not, that’s 
fine by me. So we’re playing a little bit of negative reinforcement at the 
moment, and that’s not working that much either. (S15)
Data security
…maybe some people are worried about privacy…how many people get access 
to this?...their data is pretty much open to anyone that’s got access, so maybe,
the security side, so the athletes feel confident that if they really want to write 
some stuff in there they can. (C03)
Sometimes they’ve mentioned to me if they’re in competitive spots they kind of 
don’t really want to give all their secrets away sometimes as well. So there may 
be a confidentiality type issue. (S05)
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I think it really needs to be safeguarded about who’s getting hold of it, who’s 
using it, in what purposes are they using it for? Because if an athlete thinks…it
might be used to keep them on or off teams or make decisions about them. 
That’s absolutely going to be the death of any honest responses if they were 
hurt or something was bothering them. (S11)
I do not get the impression that athletes have any sense of where this 
information goes…For example, I was added as a new employee…I am sure 
they didn’t go back to the athletes to let the athletes know I, in addition to 
whoever else is reading, is accessing that information…who’s the gate-keeper? 
And what are we telling athletes about that? And maybe they don’t care, but 
they should…so that we’re actually getting athlete’s informed consent about the 
information that’s going out. (S11)
Some of them feel it reflects an invasiveness into their privacy, they may not 
want to share all that information with people outside their immediate say 
coach. (S14)
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Survey outline
/ = conditionally presented
Now that you have had the chance to try Metrifit, we would like to hear your thoughts about athlete 
monitoring programs in general.
For instance:
If you are currently using a monitoring program -what about it appeals to you?
If you have stopped using a monitoring program -why didn’t it work for you?
What is important to you in an athlete monitoring program and what would encourage you to use one?
This survey will take approximately 5 minutes to complete.
This study is being conducted by Deakin University researchers independent of Metrifit. Your responses 
are confidential and will not be disclosed to Metrifit or published in any identifiable form. Please read 
the Plain Language Statement for further information.
By clicking Continue you are acknowledging that you have read, understood and agree to participate in 
this study according to the conditions in the Plain Language Statement.
Please enter your email address.
Please ensure you enter the same email address as you did for your baseline survey (the address which 
received the email for this survey)
Email Address
What is your date of birth?
x __________
A reminder that this survey is about athlete monitoring programs in general. This may be an online 
program or app, an Excel spreadsheet, handwritten diary or anything else you use to monitor your 
athletic preparation.
Currently, how essential is using an athlete monitoring program to you?
Not at 
all 
essential
Neutral Essential
ٯ ٯ ٯ ٯ ٯ
Are you currently using an athlete monitoring program?
Yes
No
/Please provide details of any athlete monitoring you are currently using. For each measure, provide 
details on:
x the name of the measure
x whether it is online or on paper
x how long it has been used for
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/How often do you enter data into your athlete monitoring program?
Never or rarely
Infrequently
Once a fortnight
Once a week
More than once a week
Most days
At least once a day
How likely are you to continue to use an athlete monitoring program? 
Very 
unlikely
Neutral Very 
likely
ٯ ٯ ٯ ٯ ٯ
Think about your use of an athlete monitoring program.
How do each of the following correspond to why and how you use an athlete monitoring program?
Does not 
correspond 
at all
Corresponds 
moderately
Corresponds 
exactly
N/A
It is required by my coach or 
sports program ٯ ٯ ٯ ٯ ٯ ٯ
I feel that I should (because other 
athletes I look up to do) ٯ ٯ ٯ ٯ ٯ ٯ
I want to monitor myself ٯ ٯ ٯ ٯ ٯ ٯ
To record my training ٯ ٯ ٯ ٯ ٯ ٯ
To record other aspects of my 
preparation (e.g., sleep, nutrition, 
recovery) and other events in my 
life which may affect my training 
or performance
ٯ ٯ ٯ ٯ ٯ ٯ
To record my wellbeing (e.g.,
mood, energy level) which may 
influence my ability to train or 
perform
ٯ ٯ ٯ ٯ ٯ ٯ
To have a record of my 
preparation over the long-term ٯ ٯ ٯ ٯ ٯ ٯ
To evaluate my progress ٯ ٯ ٯ ٯ ٯ ٯ
To identify potential problems ٯ ٯ ٯ ٯ ٯ ٯ
To identify where my preparation 
might have gone wrong if I get 
sick, injured or am 
underperforming
ٯ ٯ ٯ ٯ ٯ ٯ
To better understand myself and 
how I respond to training ٯ ٯ ٯ ٯ ٯ ٯ
My coach (and support team) 
know me well so can interpret ٯ ٯ ٯ ٯ ٯ ٯ
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what I’m entering
To help me communicate with my 
coach about my preparation ٯ ٯ ٯ ٯ ٯ ٯ
So that my coach (and support 
team) can decide on the best 
approach to help me reach my 
goals
ٯ ٯ ٯ ٯ ٯ ٯ
To combine with other data to get 
a full picture of my preparation ٯ ٯ ٯ ٯ ٯ ٯ
To get feedback on my 
preparation ٯ ٯ ٯ ٯ ٯ ٯ
To give my coach feedback on my 
preparation ٯ ٯ ٯ ٯ ٯ ٯ
To indicate whether or not I need 
to adjust my training ٯ ٯ ٯ ٯ ٯ ٯ
To indicate if I need to seek 
assistance ٯ ٯ ٯ ٯ ٯ ٯ
To help me (and my coach) plan 
my training program ٯ ٯ ٯ ٯ ٯ ٯ
To help me do all I can to reach 
my athletic goals ٯ ٯ ٯ ٯ ٯ ٯ
So that I don’t get sick, injured or 
overtrain ٯ ٯ ٯ ٯ ٯ ٯ
Do you have any other reasons for using a monitoring program?
Do you use a monitoring program in any other way?
Think about what would encourage you to use an athlete monitoring program.
How important are each of the following features of an athlete monitoring program to you?
Not at all 
important
Somewhat 
important
Very 
important
Can be completed on a computer ٯ ٯ ٯ ٯ ٯ
Can be completed on a smartphone or 
other portable device ٯ ٯ ٯ ٯ ٯ
Can be completed without an internet 
connection ٯ ٯ ٯ ٯ ٯ
Is compatible with my device and 
operating system ٯ ٯ ٯ ٯ ٯ
Other data can be uploaded (e.g., Heart 
rate, GPS) ٯ ٯ ٯ ٯ ٯ
Is visually appealing ٯ ٯ ٯ ٯ ٯ
Is quick and easy to navigate ٯ ٯ ٯ ٯ ٯ
Can be modified to meet my needs and 
preferences ٯ ٯ ٯ ٯ ٯ
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Questions and response options are 
relevant to me/my sport ٯ ٯ ٯ ٯ ٯ
Uses scales that are clearly defined ٯ ٯ ٯ ٯ ٯ
Does not take a long time to complete ٯ ٯ ٯ ٯ ٯ
Needs to be completed daily ٯ ٯ ٯ ٯ ٯ
Needs to be completed at the same time 
of day ٯ ٯ ٯ ٯ ٯ
Allows data to be entered retrospectively ٯ ٯ ٯ ٯ ٯ
Automatically flags potential problems ٯ ٯ ٯ ٯ ٯ
Allows data to be exported ٯ ٯ ٯ ٯ ٯ
Presents data so that progress can be seen ٯ ٯ ٯ ٯ ٯ
Are there any other features that are important to you in a monitoring program?
Think about what would encourage you to use an athlete monitoring program.
How important are each of the following to support your use of an athlete monitoring program?
Not at all 
important
Somewhat 
important
Extremely 
important
N/A
It is clearly explained to me why I 
should use a monitoring program 
and how the data will be used to 
help me
ٯ ٯ ٯ ٯ ٯ ٯ
I get feedback on my data ٯ ٯ ٯ ٯ ٯ ٯ
I started using a monitoring 
program when I first started 
seriously participating in my sport
ٯ ٯ ٯ ٯ ٯ ٯ
My coach (and support team) 
encourage me to use the program 
and are proactive in using and 
supporting the monitoring program
ٯ ٯ ٯ ٯ ٯ ٯ
There is one person (coach or 
support team) who ensures the 
monitoring program is being used 
well
ٯ ٯ ٯ ٯ ٯ ٯ
My peers are actively using the 
same program ٯ ٯ ٯ ٯ ٯ ٯ
I receive reminders if I haven’t 
recorded my data ٯ ٯ ٯ ٯ ٯ ٯ
I am rewarded for using the 
program well and not punished for 
anything unfavourable I may record
ٯ ٯ ٯ ٯ ٯ ٯ
The data I enter is secure and I 
know who has access to my data ٯ ٯ ٯ ٯ ٯ ٯ
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Is there anything else that would support your use of a monitoring program?
If or when you stop using an athlete monitoring program well (i.e., routinely and carefully entering 
data), what are the most likely reasons for this?
Please rank in order by typing in the numbers 1-8.
1= most likely to stop your use
8 = least likely to stop your use
x The monitoring program is poorly designed __________
x The data is not relevant __________
x It takes too long to complete __________
x I don’t use the data __________
x I don’t see any value in using a monitoring program __________
x I don’t get any support from my coach (and support team) for using a monitoring program 
__________
x I’m worried about how my data may be used __________
x Disengagement from my sport (e.g., end of season, injury, lose interest) __________
Are there any other reasons why you would stop using a monitoring program well?
Do you have any additional comments or suggestions regarding athlete monitoring programs?
Thank you for taking the time to share your thoughts. We hope this study informs future improvements 
to athlete monitoring programs.
Happy training
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Survey outline
* = bassline survey only
# = weeks 4, ,8, 16 only
/ = conditionally presented
Thank you for your interest in this study.
In this survey, athletes who are new to using an online athlete monitoring program (to be provided by 
Metrifit) are asked to answer questions on their use of the program, their training and aspects of how 
they think and feel. This survey is to be repeated at 4, 8 and 16 weeks from commencing the online 
athlete monitoring program.
The survey will take approximately 10-15 minutes to complete.
This study is being conducted by Deakin University researchers independent of Metrifit. Your responses 
are confidential and will not be disclosed to Metrifit or published in any identifiable form.
Please read the Plain Language Statement for further information.
By clicking Continue you are acknowledging that you have read, understood and agree to participate in 
this study according to the conditions in the Plain Language Statement.
Free access to the online athlete monitoring program Metrifit will be offered at the end of this initial 
survey.
Completion of this study will enter you in the draw to win a $60 voucher to online sports store Wiggle. 
Up to 10 winners will be randomly drawn.
Please enter your email address.
Note: Your email address will be used to send you the link to the follow-up surveys at 4, 8, and 16 
weeks. Your email address will not be used for any spam or released to a third party.
Email Address
What is your date of birth?
Note: Your date of birth will be used to link your survey responses.
x __________
*Gender
1. Male
2. Female
Currently, how essential is using an athlete monitoring program to you?
Not at 
all 
essential
Neutral Essential
ٯ ٯ ٯ ٯ ٯ
How likely are you to continue to use an athlete monitoring program (Metrifit or other measure) at the 
completion of this study?
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Very 
unlikely
Neutral Very 
likely
ٯ ٯ ٯ ٯ ٯ
Are you currently using, or have you previously used, any form of athlete monitoring (e.g., paper diary, 
routine questionnaire, other self-report measure)? 
Yes
No
/Please provide details of any athlete monitoring you have used in the past. For each measure, provide 
details on:
x the name of the measure
x whether it was online or on paper
x how often it was used
x how long it was used for
#How often do you enter data into the Metrifit program?
Never or rarely
Infrequently
Once a fortnight
Once a week
More than once a week
Most days
At least once a day
*What is the primary sport you are training for?
*For your primary sport, how would you best describe your participation level?
Recreational
Compete at club or university level
Compete at regional level
Compete at national level
Compete at international level
Professional
How many training sessions do you currently complete in a week?
1
2
…
20
What is the average duration of a training session in minutes?
15 minutes
30
45
60 (1 hour)
75
90
105
120 (2 hours)
135
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150
165
180 (3 hours)
195
210
225
240 (4 hours)
How would you best describe the volume (time/distance) and intensity (how hard) of your current 
training phase? 
Very 
low
Low Moderate High Very 
high
Volume ٯ ٯ ٯ ٯ ٯ
Intensity ٯ ٯ ٯ ٯ ٯ
How long until your next competition? 
Less than 1 week
More than 1 week but less than 1 month
More than 1 month but less than 4 months
More than 4 months
Not Applicable
#Since you last completed this survey, have you experienced an injury or illness which required you to 
reduce or modify your training?
1. Yes
2. No
#/Please provide details of any injury and/or illness you have experienced since you last completed this 
survey. Include the following details for each incidence of injury and illness:
x What was the injury/illness
x When did the injury/illness start
x How long were you required to stop, reduce or modify your training
x Whether you are fully recovered or still experiencing the injury/illness
You will now be presented with 4 questionnaires on aspects of how you think and feel. This study is 
looking at how these aspects may or may not change as a result of using an online athlete monitoring 
program. It is important that you carefully consider each question and answer honestly based on how 
you feel right now.
Why do you participate in sport?
Using the scale below, please indicate to what extent each of the following items corresponds to one of 
the reasons for which you are presently practicing your sport.
Does not 
correspond 
at all
Corresponds 
moderately
Corresponds 
exactly
1. For the pleasure I feel in living 
exciting experiences ٯ ٯ ٯ ٯ ٯ
2. For the pleasure it gives me to know 
more about the sport that I practice ٯ ٯ ٯ ٯ ٯ
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3. I used to have good reasons for 
doing sport, but now I am asking
myself if I should continue doing it
ٯ ٯ ٯ ٯ ٯ
4. For the pleasure of discovering new 
training techniques ٯ ٯ ٯ ٯ ٯ
5. I don’t know anymore; I have the 
impression of being incapable of 
succeeding in this sport
ٯ ٯ ٯ ٯ ٯ
6. Because it allows me to be well 
regarded by people that I know ٯ ٯ ٯ ٯ ٯ
7. Because, in my opinion, it is one of 
the best ways to meet people ٯ ٯ ٯ ٯ ٯ
8. Because I feel a lot of personal 
satisfaction while mastering certain 
difficult training techniques
ٯ ٯ ٯ ٯ ٯ
9. Because it is absolutely necessary to 
do sports if one wants to be in shape ٯ ٯ ٯ ٯ ٯ
10. For the prestige of being an athlete ٯ ٯ ٯ ٯ ٯ
11. Because it is one of the best ways I
have chosen to develop other aspects 
of myself
ٯ ٯ ٯ ٯ ٯ
12. For the pleasure I feel while 
improving some of my weak points ٯ ٯ ٯ ٯ ٯ
13. For the excitement I feel when I am 
really involved in the activity ٯ ٯ ٯ ٯ ٯ
14. Because I must do sports to feel 
good myself ٯ ٯ ٯ ٯ ٯ
15. For the satisfaction I experience 
while I am perfecting my abilities ٯ ٯ ٯ ٯ ٯ
16. Because people around me think it 
is important to be in shape ٯ ٯ ٯ ٯ ٯ
17. Because it is a good way to learn 
lots of things which could be useful to 
me in other areas of my life
ٯ ٯ ٯ ٯ ٯ
18. For the intense emotions I feel 
doing a sport that I like ٯ ٯ ٯ ٯ ٯ
19. It is not clear to me anymore; I 
don’t really think my place is in sport ٯ ٯ ٯ ٯ ٯ
20. For the pleasure that I feel while 
executing certain difficult movements ٯ ٯ ٯ ٯ ٯ
21. Because I would feel bad if I was 
not taking time to do it ٯ ٯ ٯ ٯ ٯ
22. To show others how good I am 
good at my sport ٯ ٯ ٯ ٯ ٯ
23. For the pleasure that I feel while 
learning training techniques that I have 
never tried before
ٯ ٯ ٯ ٯ ٯ
24. Because it is one of the best ways 
to maintain good relationships with my 
friends
ٯ ٯ ٯ ٯ ٯ
25. Because I like the feeling of being 
totally immersed in the activity ٯ ٯ ٯ ٯ ٯ
26. Because I must do sports regularly ٯ ٯ ٯ ٯ ٯ
27. For the pleasure of discovering 
new performance strategies ٯ ٯ ٯ ٯ ٯ
28. I often ask myself; I can’t seem to 
achieve the goals that I set for myself ٯ ٯ ٯ ٯ ٯ
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Please rate your satisfaction with the following. The terms team and teammates refers to everyone 
contributing to your athletic goals e.g., coach(es), support staff, and fellow athletes.
I am satisfied with...
Not at 
all
Moderately Extremely
1. how the team works to be the best ٯ ٯ ٯ ٯ ٯ
2. the competence of the medical 
personnel ٯ ٯ ٯ ٯ ٯ
3. the degree to which I do my best for 
the team ٯ ٯ ٯ ٯ ٯ
4. the degree to which I have reached my 
performance goals during the season ٯ ٯ ٯ ٯ ٯ
5. the extent to which teammates provide 
me with instruction ٯ ٯ ٯ ٯ ٯ
6. the recognition I receive from my 
coach ٯ ٯ ٯ ٯ ٯ
7. the training I receive from the coach 
during the season ٯ ٯ ٯ ٯ ٯ
8. my dedication during practices ٯ ٯ ٯ ٯ ٯ
9. the degree to which teammates share 
the same goal ٯ ٯ ٯ ٯ ٯ
10. the fairness with which the medical 
personnel treats all players ٯ ٯ ٯ ٯ ٯ
11. the friendliness of the coach towards 
me ٯ ٯ ٯ ٯ ٯ
12. the guidance I receive from my 
teammates ٯ ٯ ٯ ٯ ٯ
13. the improvement in my performance 
over the previous season ٯ ٯ ٯ ٯ ٯ
14. the instruction I have received from 
the coach this season ٯ ٯ ٯ ٯ ٯ
15. my enthusiasm during competitions ٯ ٯ ٯ ٯ ٯ
16. team members dedication to work 
together toward team goals ٯ ٯ ٯ ٯ ٯ
17. the coach’s teaching of the tactics and 
techniques of my position ٯ ٯ ٯ ٯ ٯ
18. the constructive feedback I receive 
from my teammates ٯ ٯ ٯ ٯ ٯ
19. the improvement in my skill level ٯ ٯ ٯ ٯ ٯ
20. the level of appreciation my coach 
shows when I do well ٯ ٯ ٯ ٯ ٯ
21. the medical personnel’s interest in the 
athletes ٯ ٯ ٯ ٯ ٯ
22. my coach’s loyalty towards me ٯ ٯ ٯ ٯ ٯ
23. my commitment to the team ٯ ٯ ٯ ٯ ٯ
24. the extent to which teammates play as 
a team ٯ ٯ ٯ ٯ ٯ
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25. the promptness of medical attention ٯ ٯ ٯ ٯ ٯ
26. the extent to which the coach is 
behind me ٯ ٯ ٯ ٯ ٯ
How true are the following statements to you?
Never 
or very 
rarely 
true
Rarely 
true
Sometimes 
true
Often 
true
Very 
often or 
always 
true
1. I notice changes in my body, such as 
whether my breathing slows down or 
speeds up.
ٯ ٯ ٯ ٯ ٯ
2. I’m good at finding the words to 
describe my feelings. ٯ ٯ ٯ ٯ ٯ
3. When I do things, my mind wanders off 
and I’m easily distracted. ٯ ٯ ٯ ٯ ٯ
4. I criticise myself for having irrational 
or inappropriate emotions. ٯ ٯ ٯ ٯ ٯ
5. I pay attention to whether my muscles 
are tense or relaxed. ٯ ٯ ٯ ٯ ٯ
6. I can easily put my beliefs, opinions, 
and expectations into words. ٯ ٯ ٯ ٯ ٯ
7. When I’m doing something, I’m only 
focused on what I’m doing, nothing else. ٯ ٯ ٯ ٯ ٯ
8. I tend to evaluate whether my
perceptions are right or wrong. ٯ ٯ ٯ ٯ ٯ
9. When I’m walking, I deliberately 
notice the sensations of my body moving. ٯ ٯ ٯ ٯ ٯ
10. I’m good at thinking of words to 
express my perceptions, such as how 
things taste, smell, or sound.
ٯ ٯ ٯ ٯ ٯ
11. I drive on “automatic pilot” without 
paying attention to what I’m doing. ٯ ٯ ٯ ٯ ٯ
12. I tell myself that I shouldn’t be feeling 
the way I’m feeling. ٯ ٯ ٯ ٯ ٯ
13. When I take a shower or bath, I stay 
alert to the sensations of water on my 
body.
ٯ ٯ ٯ ٯ ٯ
14. It’s hard for me to find the words to 
describe what I’m thinking. ٯ ٯ ٯ ٯ ٯ
15. When I’m reading, I focus all my 
attention on what I’m reading. ٯ ٯ ٯ ٯ ٯ
16. I believe some of my thoughts are 
abnormal or bad and I shouldn’t think that 
way.
ٯ ٯ ٯ ٯ ٯ
17. I notice how foods and drinks affect 
my thoughts, bodily sensations, and 
emotions.
ٯ ٯ ٯ ٯ ٯ
18. I have trouble thinking of the right 
words to express how I feel about things. ٯ ٯ ٯ ٯ ٯ
19. When I do things, I get totally 
wrapped up in them and don’t think about 
anything else.
ٯ ٯ ٯ ٯ ٯ
20. I make judgments about whether my 
thoughts are good or bad. ٯ ٯ ٯ ٯ ٯ
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21. I pay attention to sensations, such as 
the wind in my hair or sun on my face ٯ ٯ ٯ ٯ ٯ
22. When I have a sensation in my body, 
it’s difficult for me to describe it because 
I can’t find the right words.
ٯ ٯ ٯ ٯ ٯ
23. I don’t pay attention to what I’m 
doing because I’m daydreaming, 
worrying, or otherwise distracted.
ٯ ٯ ٯ ٯ ٯ
24. I tend to make judgments about how 
worthwhile or worthless my experiences 
are.
ٯ ٯ ٯ ٯ ٯ
25. I pay attention to sounds, such as 
clocks ticking, birds chirping, or cars 
passing.
ٯ ٯ ٯ ٯ ٯ
26. Even when I’m feeling terribly upset, 
I can find a way to put it into words. ٯ ٯ ٯ ٯ ٯ
27. When I’m doing chores, such as 
cleaning or laundry, I tend to daydream or 
think of other things.
ٯ ٯ ٯ ٯ ٯ
28. I tell myself that I shouldn’t be 
thinking the way I’m thinking. ٯ ٯ ٯ ٯ ٯ
29. I notice the smells and aromas of 
things. ٯ ٯ ٯ ٯ ٯ
30. I intentionally stay aware of my 
feelings. ٯ ٯ ٯ ٯ ٯ
31. I tend to do several things at once 
rather than focusing on one thing at a 
time.
ٯ ٯ ٯ ٯ ٯ
32. I think some of my emotions are bad 
or inappropriate and I shouldn’t feel them. ٯ ٯ ٯ ٯ ٯ
33. I notice visual elements in art or 
nature, such as colours, shapes, textures, 
or patterns of light and shadow.
ٯ ٯ ٯ ٯ ٯ
34. My natural tendency is to put my 
experiences into words. ٯ ٯ ٯ ٯ ٯ
35. When I’m working on something, part 
of my mind is occupied with other topics, 
such as what I’ll be doing later, or things 
I’d rather be doing.
ٯ ٯ ٯ ٯ ٯ
36. I disapprove of myself when I have 
irrational ideas. ٯ ٯ ٯ ٯ ٯ
37. I pay attention to how my emotions 
affect my thoughts and behaviour. ٯ ٯ ٯ ٯ ٯ
38. I get completely absorbed in what I’m 
doing, so that all my attention is focused 
on it.
ٯ ٯ ٯ ٯ ٯ
39. I notice when my moods begin to 
change. ٯ ٯ ٯ ٯ ٯ
Answer the questions below based on how confident you feel right now about your upcoming 
competition. Compare your self-confidence to the most self-confident athlete you know.
Compare the confidence you feel right now in your ability to...
Low Medium High
1. execute the skills 
necessary to be successful 
to the most confident athlete 
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
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you know.
2. make critical decisions 
during competition to the 
most confident athlete you 
know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
3. perform under pressure to 
the most confident athlete 
you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
4. execute successful 
strategy to the most 
confident athlete you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
5. concentrate well enough 
to be successful to the most 
confident athlete you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
6. adapt to different 
competitive situations and 
still be successful to the 
most confident athlete you 
know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
7. achieve your competitive 
goals to the most confident 
athlete you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
8. be successful to the most 
confident athlete you know. ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
9. think and respond 
successfully during 
competition to the most 
confident athlete you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
10. meet the challenge of 
competition to the most 
confident athlete you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
11. be successful based on 
your preparation for this 
event to the most confident 
athlete you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
12. perform consistently 
enough to be successful to 
the most confident athlete 
you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
13. bounce back from 
performing poorly and be 
successful to the most 
confident athlete you know.
ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ ٯ
Thank you for your participation in this study to evaluate the potential outcomes of athletes using an 
online athlete monitoring program.
Your participation requires completion of this survey at 4 times points (0, 4, 8, 16 weeks from 
commencement). You will be sent an email with a link to this survey at 8 and 16 weeks. It is important 
that you act on this email and complete the survey within 1 week.
Once you have completed all 4 surveys, you will be automatically entered into the draw to win a $60 
Wiggle voucher. This will be drawn at the end of the study.
Happy Training
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